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STATISTICAL INVESTIGATION 
OF SPEECH TRANSMISSION 


A.I. Velichkin 


We investigate the correlation between elements of visible speech 
and the distribution of the probability density of speech transmission at 
narrowband filter outputs. 


INTRODUCTION 


When experimentally investigating speech transmission, so-called 
“visible speech” devices are frequently used. The block diagram of such 
a device is shown in Figure 1. The device consists of a set of filters 
F,...Fy...F,, tuned to speech spectrum frequencies W;...Wn..- Wk. 
Since the gate width of each filter is considerably less than the mean fre- 
quency wn, the voltage at the filter outlet can be written as 


5, (t) = U, (t) cos [ont + Fn (¢)], (1) 


where Up(t) and gp(t) are the slowly changing amplitude and phase. 

After each filter, linear-response detectors d,...dp...d,, are con- 
nected within the devices; thus, it is possible to single out the process 
' envelopes U,(t). By means of switch 
S, the linear-response detector out- 
puts are connected alternately to in- 
dicator I. The Up(t) voltage is used 
for brightness modulation of the in- 
dicator tube. 

Each time a new filter is con- 
nected, the ray in the indicator shifts 
along the vertical, while in the course 
of the entire cycle it shifts along the Figure 1 
horizontal. Thus, there takes place 
a frequency-time expansion of the process, whereby an increase in the 
spectral density produces an increase in the brightness of the correspond- 
ing points on the screen. 

There exist various types of visible speech devices, and the above 
description serves to illustrate their general principle of operation without 
specifically describing any particular type of device. It is important to note 
that, if properly trained, a person can visually receive information by 
observing the image shown on the screen of visible speech devices, From 
the above description of the device it is seen that this information is 


transmitted by random functions 
UU eet (eee Oy (2) 


The ensemble of these functions will be called visible speech. 

The high legibility of visible speech attracts the attention of investi- 
gators. A mathematical description of speech has been devised in the form 
of a frequency-time field. Frequency-time expansion is used for the design 
of various vocoders [1]. In view of this, experimental investigation of cer- 
tain statistical properties of the functions of ensemble (2) is of great interestt 

First of all we must determine autocorrelation and cross-correlation 
of functions (2). Knowledge of this correlation will make it possible to 
determine the distribution of information in the frequency-time speech range 
and to establish the choice of the parameters of certain instruments designed |! 
for the analysis and synthesis of speech. 

In order to determine the amount of information carried by visible 
speech, we must find the distribution of probability density of functions (2). 


INVESTIGATION OF AUTOCORRELATION 


Autocorrelation of the functions in (2) is determined by means of 
processing oscillograms of the procedure. In order to photograph the 
procedures we used an apparatus consisting of a tape recorder MAG-8 on 
whose tape was recorded a newspaper text (a lead article from “Pravda” 
of September 14, 1959), a spectrum analyzer AN-1-50 and a loop oscillo- 
scope MPO-2. 

For all the tests described below we used the voice of one speaker 
(male) recorded in an unequipped room by means of an SDM microphone. 
The frequency response of the channel (excepting the microphone) ranged 
from 50 to 5,000 cps and deviated from a linear response by no more than 
1 decibel. 

The frequency response curve of the spectrum analyzer is shown in 
Figure 2, The gate width amounted to 30 cps. The device was provided 
with a special terminal at the last output stage of the intermediate freque 
amplifier connected with the outer detector. The schematic of the detector 
into whose load circuit L is inserted, is shown in Figure 3. The tests were 
carried out at a frequency of 500 cps. 
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The processing of oscillograms consisted in that at various points of the 
recording, which lasted for 5 minutes, counts Un(t;) were taken. By means 
of these counts, amounting to about 500, we computed the mean value for 


N 
n,= x » U, (t,). (3) 


S110, t) — m7. (4) 


In order to compute the autocorrelation coefficient we multiplied the 
counts shifted in time by T. Computation was effected by formula 


M 
R,()= ys [Un (ts) — mn] [Un (ty +9) — thn) 


2 
j=l Sn 


The autocorrelation coefficient curve thus obtained is shown in Fig- 
ure 4 by a solid line. Figure 5 shows the spectral density curve S(f) com- 
puted with the aid of the Bessel formulas for an approximate harmonic 
analysis of specific values of the correlation coefficient. 


Figure 4 Figure 5 


Curve Ry(T) shows that as T increases, the correlation coefficient 
_ decreases exponentially to about T = 80 msec whereupon it acquires an 
oscillatory character. The first maximum at T = 140 msec and the rise in 
the spectrum at a frequency of 6 cps corresponding to it are caused by a 
certain periodicity in the alternation of the syllables. The subsequent 
maxima occurring after 1.2 sec are caused by the periodicity in the alterna- 
tion of words. 

The oscillations of the correlation coefficient curve damp very slowly. 
In view of this, when computing the spectrum, we took into account only the 
initial portion of the curve up to T = 330 msec while the spectrum function 
at frequencies below 3 cps was not taken into account. It can be expected, 
however, that owing to word periodicity, the spectrum function will attain 
a maximum at frequencies near 0.8 cps. 

The initial portion of the correlation coefficient curve can be approxi- 
mated to an exponential with a time constant of 6 =30 msec. The gate 
width of the spectrum analyzer amounted to about 30 cps. Hence, we may 
fear that the initial portion of the correlation coefficient curve was deter- 
mined by the frequency response of the spectrum analyzer rather than by 
speech characteristics. In order to solve this problem, a second test was 
carried out where the spectrum analyzer was not utilized. 

Spectrum density of speech has a clearly expressed maximum at fre- 
quency f=450cps. The spectrum width at level 0.5 amounts to Af= 250-300 cps. 


Since f > Af, we can assume that the speech process has an envelope. The 
autocorrelation function of this envelope was also investigated. 

For the recording of the speech envelope we utilized an apparatus 
consisting of a magnetic sound recorder MAG-8, a high-pass filter with a 
low cutoff frequency of 200 eps, a detector and a loop oscilloscope MPO-2. 
Into the load circuit of the detector we inserted an LC low-pass filter with 
a high cutoff frequency of 100 cps. The recording was processed in the 
same way as in the preceding case. The correlation coefficient curves and 
spectral density curves thus obtained are shown in Figures 4 and 5 by 
dashed lines. 

The curves obtained in both cases differ very slightly from one 
another. A slight increase in the correlation time for the speech envelope 
can be explained by a discrepancy in the modulation laws of individual fre- 
quency components. To a certain extent, the similarity between curves 
can be regarded as evidence of the fact that in the first test the spectrum 
analyzer did not cause any substantial distortions. 


INVESTIGATION OF CROSS-CORRELATION 


For the investigation of cross correlation we utilized an apparatus 
whose block diagram is shown in Figure 6. It consisted of a magnetic 
sound recorder MAG-8, two spectrum analyzers AN-1-50 with additional 
detectors and two oscilloscope ENO-1. One of the oscilloscopes operated 
under internal start-up conditions with a period of 9 sec. , while the other 
operated under conditions of delayed scanning and was triggered by the 
former. At the instant of triggering the scannings t;, we read from the 
oscilloscope screens the values for functions Un(t; ) and Uj, (t,) at two dif- 
ferent frequencies. Each time, N = 300 counts were performed. 

During the test, one spectrum analyzer was continuously tuned to a 
frequency f, = 500 cps, while the other was tuned to various frequencies 
of the audio range. On the basis of the test results we computed the mean 
values and variances according to formulas (3) and (4), The cross- 
correlation coefficient was computed by the formula 


~ ys [Un (ti) — mn] [Uy (t;) — me] 
IR (Af) — = 


97,81 
where Af = fp -f,. 
The dependence of the cross-correlation coefficient on the frequency 
of the retuned spectrum analyzer f; with fy = 500 cps is shown in Figure 7. 
With increasing detuning of spectrum analyzers, the cross-correlation 
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coefficient drops to [Rp(Af)] min = 0. 25. 
ei It is worth noting that with any detuning the cross-correlation coef- 
ficient does not drop to zero. This is explained by the fact that there are 
some regularities which are common to all of the functions (2). For ex- 
ample, changes in speech loudness and pauses occur Simultaneously at all 
frequencies. 
For a more specific investigation of this phenomenon let us write the 

ensemble function (2) as 


U, (t) =m, [1 + 2 (4) + 8, (2)}, (5) 


where m, is the mean value, and a(t) and By(t) are normalized modulation 
functions. At any instant the quantities a(t) coincide at any frequency, 
while A(t) are connected only by a statistical dependence. Below, MyXt) 
will be called coherent components of functions (2), while My Py(t) will be 
designated as incoherent components. 
By employing formula (5) we obtain 
R, (Af) = —— < m,[a() +B, (6) m, [2 +8, (8) > = 


G5, 


=< a2 (f) > + <8, (t) 8,() >]. (6) 


GpS) 
If the spectrum analyzers are tuned to one frequency, then 
m. 
=A Eee 5 (re miei chad (1 9) Fa 


2 
Sn 


R, (0) = 


By substituting the values for mj} and o4 computed according to for- 
mulas (3) and (4) we found that 


<?H)>+<hO>=—=4. (7) 


This quantity characterizes the modulation depth of functions (1). 
The cross-correlation coefficient attains minimal values when 


<P, (4) 3, > =0. 


According to formula (6) it equals 


[Ra (4fmin= 2 < a2 (4) >. (8) 


Sy S1 


As already mentioned, this quantity equals 0.25. Taking account of 
(7) we can readily determine that <a (t) > = 1 and, hence, 


< P(t) > = 3. 


Thus, we see that the incoherent components of visible speech turn 
out to be stronger than the coherent ones. Total information carried by 
incoherent components equals the sum of information carried by them at 
various frequencies. This quantity exceeds considerably the amount of 
information carried by coherent components. Thus, the incoherent com- 
ponents of apparent speech are more important. 

For a circumstantial investigation of cross correlation of incoherent 
components we utilized an apparatus whose block diagram is shown in Fig- 
ure 8. It consists of a magnetic sound recorder, two spectrum analyzers 
with outer detectors, a multiplier, an RC filter with a time constant of 2 
minutes and a voltmeter A4-M-2. 


Figure 8 


The circuit diagram of the multiplying device is shown in Figure 9. 
For multiplication we utilized a bridge circuit with a duplex triode 6N8, 
operating in the nonlinear portion of the grid characteristic. In order to 
obtain two identical nonsymmetrical inputs, we applied a phase changer to 
tube 6K4, 

Figure 10 shows calibration curves obtained at a frequency of 50 cps. 
For the test we utilized the 1 and 3 volt scales of voltmeter A4-M2. The 
curves in Figure 10 show that with such a voltage at the output, multiplica- 
tion was carried out with sufficient accuracy. 

The spectrum analyzers were first tuned to one frequency and we 
effected the first count Upyt (0), whereupon the frequency of one of the 
spectrum analyzers was increased and we effect the counts Upyt(Af). In 
order to reduce the size of the test, detuning was effected in one direction 
only. Each count required 15 to 20 minutes. The frequencies of the first 
counts equalled 200, 350, 500, 750, 1000, 2000 and 4000 cycles per second. 

The cross-correlation coefficient was computed from formula 


, Uout (Af) 
Ro (Af) ee 
(af) Uout (0) 
The curves of function Rin (Af) thus obtained are shown in Figure 11. 
It is seen that with increasing detuning, cross correlation decreases ap- 
proximately exponentially. 


Figure 9 
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Attention should be devoted to an important fact. It is known[ 2] that 
if two filters are connected to a white noise source, cross correlation of 
oscillation envelopes at the output of these filters is determined only by an 
overlap of frequency responses. Accordingly, if the speech contained con- 
siderable noise components, then with increasing detuning of spectrum 
analyzers by 10 to 20 cps cross correlation should sharply decrease. Yet, 
this did not occur, as may be seen from the curve taken at high frequencies. 

We did not succeed in producing the multiplying device utilized in our 
installation without intermediate capacitance. Hence, in view of its pres- 
ence, the device did not react to slow processes of loudness variation, such 
as the coherent component of functions (2). As it is seen from the circuit 
parameters, the lowest cutoff frequency of the device amounted to about 
lcps. As a consequence, with increasing detuning, the measured value of 
the cross-correlation coefficient decreased to zero and not to 0.25, as 
occurred in the preceding test. This error can be easily corrected by 
recalculating the test results with the aid of formula 


sayy are EAP VichO><RO>RO) 
a n min = 

d V (<2) >4+<8? (t)> I< 2()>+< 81 ()>] 
= 0,25 + 0.75 R’ (4f), 


which can readily be obtained from (6), (7) and (8). 

Yet, the measured values of the cross-correlation coefficient are 
also of individual interest. They characterize the cross correlation between 
components of functions (2) which describe the alternation of speech sounds, 
and it is precisely this process which 
carries the information of interest to 
us. The slight discrepancy between 6 
the curves in Figures 7 and 11 is due cps 
to a somewhat lower accuracy of the 
first test. 

The curves in Figure 11 can be 
well approximated by exponential func- 
tions. For this reason, for the eval- 
uation of the bandwidth of cross cor- 
relation, let us utilize the constants 


of the corresponding exponents Og, ie 
reading of = Af at the 1/e level on the On on NB OB 
curves in Figure 11. 

The values for the bandwidth of Figure 12 


cross correlation thus obtained change as frequency changes. The curve 
of the dependence of dg on frequency is plotted in Figure 12. It shows that 
least correlated are speech components at frequencies close to 500 cps. 

The curve shown in Figure 12 is of great significance. In fact, it 
determines to a considerable degree the required resolving power of devices 
for spectral analysis of speech and distribution of information by frequencies. 


INVESTIGATION OF THE ONE-DIMENSIONAL DISTRIBUTION 
OF THE PROBABILITY DENSITY 


We mentioned earlier that functions (2) carry speech information. 

In order to determine the rate at which this information is transmitted we 
must know the distribution of the probability density of functions. 

The differential distribution of the probability density was deter- 
mined with the aid of an apparatus consisting of a magnetic sound recorder 
MAG-8, a spectrum analyzer AN-1-50, a differential analyzer and a scaling 
circuit SC-10 000. 

For the test we utilized a differential analyzer similar to the IDK-2 
device developed by the Institute of Radio Engineering and Electronics of 
the Academy of Sciences of the USSR. This device operates according to 
the following principles: in the interval from U to U + AU, periodic pulses 
are induced at the output. The number of these pulses counted by SC-10000 
for a specific time, is proportional to the probability density. 

The test was carried out at frequencies of 350, 500, 750, 1500, and 
2500 cps. Deviations between curves taken at various frequencies did not 
exceed 20%. By repeated checks at various frequencies it could be estab- 
lished that this deviation is due exclusively to the inaccuracy of the instru- 
ments. Thus, we can assume that the distributions of functions (2) at var- 
ious frequencies coincide. 

Figure 13 shows the distribution of probability density w(x), where 
x= U/m. For the plotting of the curve, the data obtained at various fre- 
queacies were averaged. The distribution 
has a falling character and at the zero 
level it approaches infinity. This is due 
to the presence of pauses in the speech. 
The distribution dispersion is equal to 
four times the mean-square value, which 
is in agreement with (7). 

The distribution is well approximated 
by the function 


esau: 
(ieee ewes (9) 
V 2x |xj 
This distribution follows a process derived from the normal one by 
squaring. 
Curve (9) is shown in Figure 13 by a dashed line. 


Figure 138 


CONC LUSIONS 
Following are the results of the test described: 


1) With increasing shift, correlation in time between elements of 
apparent speech first decreases, approximately following an exponential 


8 


with time constant 6f = 30 msec, and then acquires an oscillatory character. 

2) Frequency correlation between elements of visible speech never 
drops below a specific minimal quantity. Hence, we may represent visible 
speech as consisting of coherent components, coinciding at varying frequen- 
cies, and incoherent components, connected only by a statistical dependence. 
For the transmission of information, the incoherent components are more 
important. 

3) Frequency correlation between incoherent components decreases 
with increasing shift following approximately an exponential. The correla- 
tion bandwidth changes with changing frequencies. Least correlated are 
speech components at a frequency of about 500 cps. 

4) The distribution of probability density of the functions of visible 
speech is described by formula (9). 

The author thanks N.N. Akinfiyev for discussing this paper and ad- 
vancing a number of valuable suggestions. 
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APPLICATION OF TUNNEL DIODES 
IN ELECTRONIC CIRCUITS 


Ye. M. Gershenzon, N. Ye. Selivanenko and V.S. Etkin 


The noise factor and the product of the square-root of the amplifica- 
tion factor and the bandwidth are calculated for tunnel diode amplifiers. 
Possibilities of employing tunnel diodes in mixers and switching circuits 
are shown. The design of an amplifier operating in the decimeter wave- 
length band is presented. 


PHYSICAL CHARACTERISTICS OF TUNNEL DIODES 


In the summer of 1957, the Japanese physicist, Esaki, designed a 
semiconductor diode wich he called a tunnel” diode. This diode differs 


9 


from conventional crystal diodes in the large concentration of impurities 
in the n- and p-regions. 

Such diodes have decreasing section in the volt-ampere curve (Fig- 
ure 1); hence, they are particularly interesting from the point of view of 
solid state theory and for radiotechnical applications. Figure la shows 
the volt-ampere characteristic of a tunnel diode. Figures 1b and 1c show, 
respectively, a circuit for observing the volt-ampere characteristic on an 
oscilloscope screen and the oscillograms of the characteristics for various 
resistances R connected in parallel with the diode. It is seen from the 
oscillogram that at R = R_q the slope of the falling section equals zero. By 
choosing varying R and observing the trend of the characteristic on the 
oscilloscope, we can determine R-g of tunnel diodes. For the resistance R, 
we used a resistance box. d 
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Figure la Figure 1b 


Figure 1c 


Let us investigate the physical properties of the falling section. The 
volt-ampere characteristic is graphically described in Figure 2. 

Tunnel diodes are made by joining degenerate semiconductors with 
various types of conductivity [1, 2]. 

If in a semiconductor of the n type, the electron concentration in the 
conduction band is heavy, then the energy levels near the bottom of the 
conduction band are almost completely filled, Consequently, the energy 
level whose filling probability equals one-half (the Fermi level) is located in 
the conduction band. Such semiconductors are called degenerate. In 
degenerate semiconductors of the p-type, the Fermi level lies inside the 
valence band. 


The group of levels near the Fermi level is half-filled. It is obvious 


10 


that in any semiconductor with inhomogeneous properties, under conditions 
of thermal equilibrium, this group of levels corresponds to one and the 
Same energy. Consequently, the Fermi level is identical for the entire 
Semiconductor. 

Let the degenerate n-type semiconductor (Fermi level in the conduc- 
tion band) and the p-type semiconductor (Fermi level in the valence band) 
be joined. After equilibrium has been eStablished, the Fermi levels will 
coincide. This, however, is only possible if the ceiling of the p-region 
valence band is located above the bottom of the n-region conduction band 
(Figure 2-1). In this case it is found that the forbidden bands in the n- and 
p-regions are strongly shifted with respect to one another. 
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Figure 2 


In conventional p-n junctions the concentration of holes in the p-region 
and of electrons in the n-region is considerably smaller and the Fermi level 
lies in the forbidden band; it is near the ceiling of the valence band in the 
p-region, and near the bottom of the conduction band in the n-region. In 
this case, the band shift is considerably less than in the case of degenerate 
semiconductors (Figure 2-8). 

In the path of electrons moving in a tunnel diode from the p-region 
into the n-region there is a barrier in the form of a bent forbidden band. 
According to the laws of classical mechanics, electrons cannot overcome 
this barrier without having received additional energy. Yet, according to 
the principles of quantum mechanics, such a transition is possible although 


11 


highly improbable. This phenomenon is called the tunnel effect. 

Owing to the tunnel effect there takes place a continuous crossing of 
carriers from and to both sides of the barrier, and total current equals 
zero. 

If we apply external voltage (positive at the p-region), the electron 
stream from right to left will be greater than in the opposite direction 
(Figure 2-2). This yields a current different from zero on the current- 
voltage characteristic. 

If voltage U is applied, electron energy in the n-region will increase 
by the quantity eU with respect to that in the p-region. This means that the 
band shift decreases by the quantity eU. So long as U is small, the de- 
crease in band shift is negligible and current grows with linearly increasing 
U (Figure la, sector AB). 

With a further increase in external voltage, however, the band shift 
strongly decreases and the current attains a peak (Figure 2-3) whereupon 
it decreases, since an increasing portion of electron levels of the n-region 
conduction band will be opposite to the p-region forbidden band (Figure 2-4). 
At a definite voltage (Figure 2-5), the current reaches a minimum. With 
a further increase the usual electron transition becomes possible and the 
barrier is overcome (Figure 2-6). Current increases rapidly with increas- 
ing voltage. 

With inverse voltage (Figure 2-7) the band shift increases rather than 
decreases, and reverse current grows continuously. Electrons from the 
valence band of p-type semiconductors occupy vacant positions in the con- 
duction band of n-type semiconductors, 

It is shown in [2] that negative diode resistance can be calculated from 
the maximum and minimum values for current on volt ampere characteris- 
tics by the empirical formula (Figure 1a) 


Un— UY, 
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APPLICATION OF TUNNEL DIODES 


In order to utilize a tunnel diode as a negative resistance, the DC 
voltage must fix its operating point on the decreasing sector of its char- 
acteristic. This is only possible when the DC circuit resistance R is 
smaller than the negative resistance R-q. Figure 3 shows the volt ampere 
characteristic with load lines, It is seen from this figure that with r > R_g, 
the operating point cannot be established in the falling sector of the charac- 
teristic since there occurs self-excitation at parasitic frequencies. 

Tunnel diodes can be high-frequency low-power devices. Negative 
resistance takes place at low values of bias voltage (about 100 millivolts). 

The main disadvantage of tunnel diodes 
consists in the fact that negative diode resist- 


I ance is shunted by a considerably large 
rcR capacitance of the p-n junctions (usually of 
the order of C *5-100 puf). This renders 
r>Rg difficult the utilization of diodes in high- 
B frequency circuits. Moreover, diodes have 


a base resistance (r = 0.1 to 0.01 ohm) and 
an internal parasitic inductance (Ginternal): 
U Figure 4 shows an equivalent circuit of a 


Figure 3 tunnel diode where R_g is the negative diode 
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resistance, C is the capacitance of the p-n junction. In regenerative 
circuits, diodes are usually connected as shown in Figure 5. Thus, 
negative resistance introduced in the subsequent circuit equals 


if 


Ben CR Ea. 


since the negative resistance is connected in parallel with the circuit. 


int RR? 
for amplifier 
“for reflection” 


Ra C Re R 
R =R,+ R+R, 
r for amplifier 
“for passing” 
Figure 4 Figure 5 


Let us find the critical frequency of a tunnel diode. At this frequency, 
negative resistance compensates for only the losses caused by the diode 


R_=r where Lee 
—d 
Since 
1 
f= a9 
22 Vie 
then 
; Rae gy al 
for = ( - DAR AC 


We see that in order to increase the critical diode frequency it is 
necessary to reduce the product R-gC. Let us assume that the natural 
amplifier losses are caused by the diode, i.e., R, = 0. Then, the mini- 
mum noise factor, which can be obtained in a tunnel diode regenerative 
amplifier 4 , is 


T, 
Ewe ! Jd 
R_ max 1 To 
Re 
or, using the expression for fey, 
1 il; 
be. au 
eT a ae 
PP 


On the basis of calculations carried out in|[4], we obtain the 
product of the square root of the amplification factor and the amplifier 
bandwidth 
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Veg 


Qik 


or 
- ees 
V Kaf= Ie RLGG* 


The above expressions of the noise coefficient take account of thermal 
noises in the range of ultrahigh frequencies. Besides thermal resistance 
noises, we have to take into consideration shot effects of diodes due to the 
passing of direct current through them. A shot-effect source can be 
represented as an additional shot current generator with effective conduct- 
ance G, at a temperature Tg. We can hold [5] that there is an equivalent 
shot current generator if = 2elAf, where Ip is the diode current andeis 
the electron charge. 

Noise power is 


Hence 


i 
Gln 
nn 2Ph h 
since noise power transmitted to the coordinated load by the noise at effec- 
tive temperature T, is 


P,=KT.4f, 
therefore 
— _&o 
we DFS ae 


and for the noise coefficient of the regenerative tunnel diode amplifier we 
can now write 
GyT x ae GT, Gn T. 

GaT GaTo 


F=1-+ 


Actual circuits of diode amplifiers must be provided with feed cir- 
cuits for constant bias voltage (Figure 6a) and the possibility of bias cir- 
cuit self-excitation must be eliminated. 

The equivalent circuit of a bias circuit is shown in Figure 6b. Self- 
excitation takes place when 

if 


= Se eld li. 
= (C+Cy) R_g oy ar. i 


Figure 6 
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Since Co>C, then, in order to avoid self-excitation, the following 
condition has to be satisfied: 


er or Gee 
CoR_¢ R_dro 


[6]. 


In order to excite a tunnel diode in a frequency range of the order of 
a kMc it is necessary to suppress parasitic oscillations at lower frequencies. 
The devices containing the diode must have an extremely low inductance 
(the inductance of standard microwave cartridges is even too high). 


ina PP wetal-coated 
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Figure 7 


Reference (2] gives the diagram of a device having low inductance as 
compared with other methods of diode connection (Figure 7). The diode 
is mounted in a narrow slit in the ceramic and fastened with a nickel band. 
The diode base is soldered to the bottom electrode while the point contact 
is soldered to the top one. For mechanical solidity, the slit in the ceramic 
is filled with plastic material. 

Negative resistance affords the possibility of extensively applying 
tunnel diodes as amplifiers, oscillators and switching devices. 

Tunnel diodes can operate at considerably higher switching rates than 
transistors; hence, they are extensively applied in memory devices of 
high-speed electronic computers. 

Tunnel diodes operate at low voltages. This limits the field of their 
' application. Moreover, the need for very low inductance requires essen- 
tially new circuit designs. 

The power generated by tunnel generators, as well as the maximum 
power at which linearity of amplification is disturbed, is determined by the 
diode characteristic 
Imax —Imin Umax —Umin _ SAU 

2 2 8 


1 
P nax OUtm By 


Input power at which signals are clipped in amplifiers equals 


iP max out 
ae Bee 


K 


P max in= 


For example, the diodes described in [2] whose characteristics are 
shown in Figure la, have Pyax out ~ 140 microwatts. 

Consequently, with K= 100, Pmax in ~ 1.4 microwatts. 

Recently [7], tunnel diodes have been made from gallium arsenide. 
These diodes have a negative resistance at higher bias voltages than ger- 
manium and silicon diodes and tolerate stronger currents. 

The power of the oscillations generated by gallium arsenide tunnel 
diodes is four times that of germanium tunnel diodes. 
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Tunnel diode generators are very 
highly efficient devices since they use 
very little power from the fixed bias 
supply. 

Reference [8] describes tunnel 
diode amplifier with lumped parameters 
at frequencies of 30, 66, 80 megacycles 
per second. Its diagram is shown in 

Figure 8 Figure 8, where C, is the tunnel diode 
self-capacitance, Cy is the blocking 
capacitor. The characteristics of the 

amplifier at a frequency of 30 Mc are given in Table 1. 


Table 1 
if Gs | Gy Ky Qas F 
diode negative |loadcon- gain bandwidth|noise fac- 
current | conduc- ductance (db) (Mc) tor (db) 
(Ha) tance (mho) | (mho) meas | comp | meas|comp|meas |comp 
250 —1/375 1/100 20 23 0.2 | 0.3 4.5 | 4.7 
300 —1/310 1/200 40 | 36 |0.19|0.16| 6.3] 4.5 
350 —1/206 1/50 27 26 0.8 | 0.05] 8.0} 6.8 


Application of diodes of intermetallic compounds (GaAs, InSb) with 
p-n junctions of very low capacitance (C~ 3-5 ppf), as well as utilization 
of high-frequency waveguides or coaxial devices make it possible to design 
tunnel diode amplifiers and oscillators operating in the decimeter, centi- 
meter and even millimeter wavelength bends [9]—[14]. 

Thus, for example, with the aid of the devices described in (10, 11, 
12] we obtained oscillators at the following frequencies: 


f= 40 k Mc (A®7.5 mm) and f= 103 k Mc (A® 2.9 mm). 


For these oscillators, tunnel diodes of strongly alloyed GaAs (p = 
= 0. 0007-0. 0009 ohm’ cm) were utilized. 

The ratio Inax/Imin equals 3, where Imax is the maximum current 
and Imin is the minimum current of the volt-ampere characteristic 


nee = 500 ma—5 ma 


Maximum oscillatory power equals 25 microwatts at f= 50 k Mc and 
0.1 microwatts at f= 100k Mc. The gain at f= 6.8 k Mc amounted to 38 
db (the noise factor amounting to 7.5 db). 

Tunnel diodes can be utilized in low-noise frequency converters, in 
the VHF band, whose transformation coefficient exceeds unity. Conven- 
tional tube or semiconductor diode mixers have a high noise factor and 
their transformation coefficient is less than unity. 

Parameteric mixers which utilize nonlinear capacitance can have a 
lower noise factor, yet, when transforming VHF into comparatively low 
intermediate frequencies; the quantity F -1, where F is the noise factor, 
changes proportionally with the ratio f/f intermed» Where f, is the signal 
frequency and fintermed is the intermediate frequency. In tunnel diode 
converters the noise factor does not depend on the frequency ratio and, 
hence, is considerably lower than in parametric or crystal mixers. The 
basic diagram and characteristics of a converter are shown in Figure 9 {13}. 
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®) 5 
Here, on = 210 Mc is the frequency of the input Signal; a = 30 Mc is the 


; 5 <3 
intermediate frequency on = 240 Mc is the heterodyne frequency. 


The operating point is chosen in the region of positive slope of the 
characteristic (point B, Figure la). The transformation coefficient exceeds 
unity when the heterodyne voltage is sufficient for the working section to 
include also the negative portion of the characteristic; yet, the operation 
of the circuit is unstable when we utilize diodes with characteristics having 
sharp negative steepness; hence, for conversion applications, GaAs diodes 
with less steep characteristics are more expedient. 


sensitivity 
fe [ele fe Te 


Figure 9 


Tunnel diodes are utilized in computer technology where they yield 
considerable gains in the rate of computer operations [14]. Of great interest 
are circuits with various connections of several tunnel diodes. This pro- 
cedure makes it possible to obtain original characteristics for such combina- 
tions and, hence, to devise new possibilities for their application. Thus, 
for example, two diodes hooked up in opposition to one another can be 
employed in symmetrical switches. [If tunnel diodes are connected in series 
with inverted diodes, the region of negative conductance shifts toward higher 
voltages; if such combinations are connected in opposition to one another, 
we have a Symmetrical switch for increased voltage. 

Tunnel diodes are less exposed to the effects of radioactivity than 
conventional (nondegenerate) p-n junc- 
tions and can operate in a wide tem- 
perature range. Thus, for example, esonator 
the immersion of a silicon tunnel 
diode into liquid nitrogen (77° K) and 
its introduction into afurnace (300°C) 
resulted only in minor changes it is 
operating conditions. One of the great eC Ben 
advantages of tunnel diode amplifiers abeeiauce 
and oscillators consists in the fact 
that, unlike parametric amplifiers, 
pumping generators are absent. - An- 
other advantage is represented by the 
simplicity of design and feeding of the 
amplifier. 


tunnel diode 
Figure 10 
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We conducted some experimental investigations of the operation of 
ultrashort wave and VHF tunnel diode amplifiers and oscillators. 

Figure 10 shows the cross section of a coaxial line operating as an 
oscillator and amplifier in a frequency band of the order of 200 Mc, Fig- 
ure 11 shows the oscillograms of amplifier frequency characteristics at 
various values of bias voltage: a),b),and c) correspond to amplifier condi- 
tions, while d) corresponds to self-excitation. — 

As is seen from these oscillograms, Vx Af = const, where k is the 
power amplification factor, Af is the amplifier bandwidth which corrobo- 
rates our calculations. 


Figure 11 


We wish to express our gratitude to N. Ye, Skvortsova, K. V. Cherkas, 
A.V. Krasilov, 8.G. Madoyan, V.I. Fistul’? and V.S. Tsarenkov for their 
suggestions and assistance. 
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PLATE MODULATION UNDER HEAVY SURGE 
CONDITIONS WITH COMPLEX LOAD 


Ye. P. Khmel’ nitskiy 


A method for engineering calculations for plate modulation under 
heavy surge conditions with complex load is presented. The hypothesis of 
constant dimensions of plate current pulse troughs and their location with 
regard to the pulse center during modulation is substantiated. 


In earlier works [1, 2, 3] dealing with the analysis of heavy surge 
conditions (HSC) under complex loads, the problem of modulation was not 
specified. On the basis of the experimental data available it was noted that, 
in the case of modulation with HSC, the quality of modulation characteristics 
peculiar to conventional plate modulation is preserved, while in many cases 
there even occurs a certain improvement of the upper band on account of 
modulator unloading. 

In the present paper we attempt to develop the problem of modulation 
with HSC. Considerable difficulties encountered in a thorough analysis of 
modulation characteristics even in the case of conventional plate modula- 
tion forced us to confine our investigation to two points of modulation char- 
acteristics with linear dependence of oscillating voltage and oscillatory cur- 
rent in plate circuits with constant plate voltage Ey. This corresponds to 
the usual procedure employed for the calculation of plate modulation condi- 
tions. Compared with conventional plate modulation, however, the condi- 
tions under investigation have a basic peculiarity. Normally, when in the 
case of plate modulation 1>€ = const (€ is everywhere Up1/Ep), transition 
from silence to a peak point is accompanied by a gain in positive residual 
plate voltage, since 

Cres = (1 —§) Ey 


is positive and grows proportionally with increasing Ep. As the operating 


il) 


intensity decreases, the plate current pulse trough grows smaller. The 
above decrease in intensity toward the peak point and its increase toward 
the minimum points can be regarded as one of the basic factors of modula- 
tion. 

In the case of modulation with HSC the process is quite different. 
“Residual” voltage is negative here because of the inequality 1<€ = const 
and there is no increase in its positive value as we change to the peak point. 
As a consequence, the modulation factor mentioned above is suppressed 
here. Thus, there arises the necessity for elucidating that factor in mod- 
ulation with HSC which links by means of a practically linear dependence 
the fundamental frequency current and Ep 


Resi: 


The first step in this investigation must obviously be the explanation 
of the nature of pulse shape variation. 

Important pulse parameters are the trough width @, and the shift of 
its center with respect to pulse center Jw. 

In (3] we found the relationship 


9, =arlc cos = ye 


Here, ~, is the phase angle between plate current and load voltage of 
the fundamental frequency, and yj; is the amplitude shift of fundamental 
frequency current from the pulse center. 

If we examine Figure 1 and take into account the constancy of ~; dur- 
ing modulation and the stability of § resulting from the linearity of the mod- 
ulation characteristic, we can state the following important facts: first, 
virtual constancy during modulation of the point determining the left trough 
boundary; second, invariability of ) and 0; since angle ¢j; (Figure 2) can 
have no noticeable effect on the right side of the equation even if it changes 
during modulation. These conclusions 
have been taken as a basis for the 
method of designing modulating genera- 
tors. 

Under heavy surge conditions, 
owing to self-bias, together with E 
the lower angle of cutoff 6 is also sub- 
ject to considerable variations. An 
additional change in this angle occurs 
also on account of changes in Ep. This 
process which, in the case of conven- 
tional modulation, is of basic impor- 

Figure 1 tance becomes a fundamental modula- 
tion factor in the case of heavy surge 
conditions. It is our task to determine the quantitative aspect of the proc- 
ess under investigations. To this end we use the formula for grid excita- 
tion and modify it slightly with regard to [2]: 


/ 1 y / 1 
$-2ULus = ~U WLLUS & 
uJ Gd °E 


Tag 


£ anes {Lecost) ay D (ep, + €p2 + epa)s 


where (€p; + ep: + €p3) is the resultant alternating plate voltage at the 
instant wt = 0, which corresponds to the excitation crest value. 

The second addend can be replaced by the quantity DEp with a plus 
sign. In so doing we take into account that the higher harmonic voltages, 
in the case under investigation, compensates for the negative voltage 
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E,-Upi at the given instant, since otherwise there would be a trough here. 
Considering the generally small weight of the second addend, our error 
allowance is negligible. 

After transforming the equation thus obtained we have 
Ip 
S (Ug —DEp) 


= a, (1 —cos 9). 


Figure 3 shows the graphs of function ¥ = a, (1 - cos @) which we shall 
use in the following for determining the basic data of peak conditions accord- 
ing to the silence-condition parameters calculated earlier. 
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Figure 3 


In designing modulating generators for heavy surge conditions we 

recommend following an order which differs from that usually employed 
‘for plate modulation where the peak point data are determined first. This 
latter order is explained by the possibility of regarding the plate current 
pulse as undistorted at the peak point. Conversely, under heavy surge 
conditions, it is more expedient to calculate beforehand all of the data per- 
taining to silence and then, on the basis of the latter, determine the peak 
point parameters of interest tous. The point is that under heavy surge 
conditions at the modulation characteristic peak point the plate current 
pulse remains distorted: thus, calculation of this condition is not facilitated, 
and there is no reason for beginning calculations from this pulse. Since 
silence conditions are ensured by adjusting operations first, they represent 
a considerably greater interest in this respect. Lack of knowledge of the 
emission required at the peak point does not render the choice of tubes 
more difficult. It can be performed on the basis of the relationship 
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I,>6 
t Ep 


In order to condense this paper, all the other explanations pertaining 
to the recommended calculation order are given as this order is actually 
applied in practice. 

Let the following quantities be assigned for calculation: power of 
generator under silence conditions P_j, = 150 kw, operating wavelength 
A= 400 m and plate voltage Ep = 11 kv. 

Since according to the relationship metnioned above, a tube emission 
of no less than 165 amperes is required, let us utilize four GU-23A tubes 
operating in parallel with parameters I; = 60 amperes: 


S=50 malv; So, =40 majy; D=002; Ep=11 kv; E,=— 40 v; 
Egg = E, + DE = 180 v; P» dyn= 80 kw; Pedyn=2.6 kw. 

After assigning pulse parameters %1, = 60% 9, = 40° and ¥ = 30°, with 
the aid of graphs in Figues 2 and 4 we find a,, = 0.24; a), =0,13 and¢,, =— 17° 
Hence, = tt = 1.85; te 2 = 9259/,.. By utilizing the formulas 

oh 


derived in {3] from the condition according to which point wt, of Figure 1 
has to be located to the right of the pulse center at the angle ~j,, we 
determine 


$1 = are cos = = eee ea == 335°: 


cos ¢, = 0.834; § = 1,2. 


Thus, the fundamental frequency crest voltage equals 


Upu = Ep = 13.2 kv 


and is shifted to the left of the pulse center at the angle 
Put = 91 + Ft = 16.5°. 


By utilizing the quantities already known, we find 
2PL 
I 


= ————_ = 27.2amp, 
Mae Uai_ COS F1 : 
[= Sta aap. 
ML 


To = Go, J gy == 14.7 amp, 


Zi Vow __ 480 ohms, 
IF IL 


The resultant capacitance of the anode circuit of the generator ensures, 
on account of compensating voltage of higher harmonics, the assigned right 
trough boundary determined by the angle 

ey yale: 
ae 3 10°. 


The magnitude of capacitance can be calculated according to formula 


C= 


a 
S30 gL fe sin (2) —— 6) = 2:2) + a sin (3 —1.5 6; —- “| 
Upit cos (§ — pail) — Ep ws 


The expression in square brackets is best determined by graphs, for 
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Figure 4 


example, by those of [3]. In our case it equals 0.143. After substituting 
this and the other quantities,C = 1720 wyf. The circuit parameters are 
not calculated here. This can easily be done following the order described 
in [2] and defined more accurately in [3]. We conclude the calculation of 
silence conditions by determining excitation voltage U, and bias voltage E 

As mentioned earlier, excitation can be calculated according to a 
simplified formula 


g 


Is aol 
U,= Saree + DE , =1570v. 

Here, IS max is the maximal value of total current which, taking into 
consideration low surge conditions at point wt = 0, can be equalled to 
Is max ~1. 2Imax = 1385 ampere. 

Bias 

Ene ee Ste e715 
=> SS Se Ve 
gt “2 §(1—cos 0) 

As the initial quantity for the conditions existing at the peak point, it 
is necessary to determine in the first place the cutoff angle 9,4... This 
can be done with the aid of the graphs of Figure 3. 

For the peak point 


fe oie 0.904, 
S(ug— DE» ») 


where Thi max = qi ae m) Tot his and E imax = (1 aR m) EpL: 
For ~ = 30° = const and 6, = 40 = const the value obtained for y 
2orresponds to the angle @y,9x between values: 
6=70° or #=—0,190, 
= 80° or §=0.26. 
With the aid of (linear) interpolation we find 


apo, (80—70) (0.204 —0.19) _ 790 
Pele s (0.26 — 0.19) 


According to the curves in Figure 4, we have by interpolation 


a,, = 0,288; a9, = 0,162. 
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On the basis of these data we find 


a= = 1.78; ty = = 0.89] 


0 


loin = (1 + m) Ip = 54.4 


= /Pix — 189 a. 


dB 


lier 


The new bias value equals 
Fes Ty yg COS Ong 


9. 2A Sti cos 8) 
Here 


E,, = Ego — DE gy = — 260 8, 


Vg seg = 1-2 ny = 227 2. 
By substituting we obtain 
Egan = — 682 v. 


All of the other peak point parameters can be determined by following 
the usual procedure. 

Owing to limitations of space, analysis of grid current at various 
modulation characteristic points is omitted here. This problem could be 
the subject of a separate paper. 

Figure 5 shows the evolution of plate pulses following the modulation 
process treatment followed by the present paper. 

Nevertheless, owing to the fact that the conclusions were drawn 
assuming a change in the plate current pulse shape as shown in Figure 5, 
it cannot be excluded that the calculations will be specified further by find- 
ing ways to determine the value of those among the greatest changes of w 
and 6; which may occur. 
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for his valuable suggestions and assistance. 
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VISIBILITY OF GRAY SCALE COLORING 
IN COLOR TELEVISION 


N.G. Deryugin 


On the basis of experimental investigations, the author determines 


the tolerances for the amplification factor and the transmission character- 
istic of red, green and blue channels in accordance with the visibility of 
gray scale coloring in color television receivers. These tolerances are 
evaluated within the range of the McAdam chromaticity scale. 


INTRODUCTION 


In combined color television systems, information regarding the color 


of images is transmitted by three simultaneous signals corresponding to the 
primary colors. These signals, generated in light-power converters, run 
before the color coder and after the color decoder through three individual 


channels. 


In each channel the signals are amplified and subjected to gamma 


correction in order to obtaina linear light-light transmission characteristic. 
To obtain correct color transmission, the amplification factors k and transmis- 
sion characteristics of the red, green and blue channels must be absolutely iden- 


Transmission characteristics of light-power converters and gamma 


correctors are described by power functions whose exponents are designated 
byy. For this reason the quantity y determines the transmission character- 
isticofachannel. For linear transmissioncharacteristics y = 1. 


Under actual service conditions, owing to unstable operation of 


transmitting and receiving tubes, radio tubes, individual radio components 
and elements of various devices, k and y of these three channels are always 
somewhat diverging. Inaccuracies in the determination of identical k and y 
in the three channels are due to the lack of appropriate measuring devices 
or to the inadequacy of measuring procedures. 


For a correct development and operating 


the tolerances for k and y must be known. The present article determines 
these tolerances. 
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SELECTION OF TEST OBJECTS 


A number of works has been devoted to the investigation of permis- 
sible distortions resulting from the difference of k andy. Reference (1) 
gives tolerances for k and y as defined by the degree of visibility of color 
distortion in colored objects (slides), reproduced on the screen of color 
television receivers. The k or y was changed in one of three channels. 
With certain subjects, the noticeable color transmission distortions due to 
changing k amounted to 10% in the red channel, 5% in the green channel 
and 20% in the blue channel. Permissible distortions amounted to 25% in 
the red, 20% in the green and 35% in the blue channels. For other subjects, 
the permissible deviations differed considerably from those mentioned above, 
It was assumed that the permissible changes of k in a channel must not 
exceed +5%. It is also pointed out that tolerances for k for the three chan- 
nels must not exceed +2%. The test procedure and the method of process- 
ing measurement results are not given. 

The required accuracy of installation of y in the three channels was 
also determined in [2]. As atest object, a color slide was used. The 
chromatic distortions of the image on the screen of the color receiver were 
evaluated by 10 observers according to a six-point score. It was found that 
the permissible accuracy of y in the three channels must not be below +4%. 

In some works, on the basis of calculated data it is assumed that 
chromatic distortions will be comparatively small if the changes in k or y 
are of the order of +10%. 

The determination of tolerances for k and y by the degree of visibility 
of chromatic distortion of colored objects may lead to establishment of 
incorrect requirements for the identity of the three channels. If these 
requirements are satisfied, the color television system may all the same 
transmit gray image details with considerable distortion. In the perception 
of color images, the eye receives three stimuli or different magnitude, 
corresponding to the primary colors. For thisreason,in perceiving images 
of different subjects, the eye will take in the distortions resulting from 
identical changes in k or y in different ways. [If the tolerances for k and 
are determined by a conversion of light into power, distortions of the 
transmitted object are unavoidable owing to field inhomogeneity and the 
presence of noises which render difficult a correct evaluation of distor- 
tions. In this case, there also arise serious difficulties in controlling k 
and y in the three channels by means of video signals. 

To some extent the difficulties mentioned above can be avoided if on 
the screen of the color television receiver a gray scale is utilized for the 
determination of the tolerances for k andy. For the reproduction of such 
a scale there must be three identical signals at the red, green and blue 
channel output. Variation of one of these signals produces coloring of the 
gray scale. The eye discerns well changes from gray to a color, but is 
less sensitive when there is a shift from one color to another even with the 
Same variations in the channel. 

Accordingly, as a test object for the determination of tolerances for 
the identity of the three channels the gray scale was chosen. 


TEST PRODEDURE 
Twenty observers participated inthe tests for the determination of 


the tolerances for k and y; half of them were highly qualified color tele- 
vision specialists. None of the observers was color-blind, The 
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observations were carried out ina dark room. As a control device we 
used a television receiver with a shadow-mask picture tube adjusted for 

a better reproduction of the gray scale. The gray scale on the kinescope 
screen consisted of 10 vertical bands of varying brightness. White was 
close to white C and had a normal brightness for the given kinescope. No 
more than two or three observers were placed simultaneously at a distance 
from the screen of the control device equalling four to six image heights. 
The observers were shown the gray scale; they had to evaluate the degree 
of its coloring when k or y changed in one of the channels. The image was 
shown in the following sequence: gray scale without image faults, with 
image faults, and agains, without faults. For other values of k or y the 
succession of image presentation was the same. The image presentation 
interval amounted to 8 to 10 seconds, which is sufficient for eye adaption. 
During this lapse of time the observer was able to give an evaluation, and 
the operator managed to determine the required magnitude of k or y in the 
channel, 

Image faults were evaluated according to a four-point score. (Pre- 
liminary work with the observers showed that afive-point system of evalua- 
tion was less convenient for them.) Each observer had a card, shown in 
Table 1, upon which he marked his score. 

During one session with only k or y changing, the observers were 
shown 33 images (11 images for each channel). Of the 11 images, one was 
a control image corresponding to the 


gray scale. During each session the Table 1 
sequence of presentation was com- 

pletely arbitrary. Each observer had Degree of visibility | Rating 
to evaluate the gray scale distortions 

in the course of five sessions. The Coloring impercep-' 5 
intermission between sessions amount- tible (gray scale) 

ed to no less than two to three hours. Coloring slightly 3 
If during the tests an observer for Raciile 

some reason evaluated the quality of 

the control image at less than four Coloring visible 3 
points, the results of his scoring were Ste Bo. ta cl ee al 
disregarded and the session had to be Coloring highly 9 
repeated. During the evaluation tests, visible 


the possibility that an observer might 

be influenced by the results of pre- 

ceding observations, as well as by 

ratings of other observers, was completely ruled out. The evaluations of 
five sessions were averaged. 


DETERMINATION OF TOLERANCES FOR THE AMPLIFICATION FACTOR 


Equipment. Figure 1 shows a simplified block diagram of the appar- 
atus used for determining the degree of visibility of the coloring of the gray 
scale when k changed in one of the three channels. As a step-by-step 
signal generator we utilized a measuring unit for television channel ampli- 
tude characteristics [3]. 

After amplification, the step-by-step signal arrived at the voltage 
divider consisting of 11 ohmic resistances in series. The resistances, 
with magnitudes measured to four-place accuracy, were chose in such a 
way that the maximal difference between signals at extreme positions of 
switch 8; amounted to 3.6%. This difference among signals was divided 
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Figure 1 


into ten equal parts. Switch S; made it possible to carry out measurements 
both with an increasing and decreasing amplification factor. The gain was 
changed in any of the three channels by means of a commutator. The gray 
scale was checked with the aid of switch S) by means of connecting in paral- 
lel the input resistances of the color control device. 

For the reproduction of the gray scale the operator places S; ina 
position corresponding to specific changes of k in the channel. Thereupon, 
S, is switched into a position where the gray scale is reproduced with dis- 
tortions; the rating” panel lights up and the observer marks on his card 
his rating according to the score shown in Table 1. Then the gray scale is 
shown again without distortions, and so on. 

Results. General average and critical ratings were calculated on the 
basis of the ratings of each observer averaged for five sessions. General 
average rating is the arithmetic mean of the ratings of all the observers; 
the ratings of fifty per cent of the observers exceed this mean, whereas the 
ratings of the other fifty per cent are below it. This evaluation charac- 
terizes the average observer. We also calculated critical ratings proceding 
from the assumption that ninety percent of the observers give ratings higher 
than the mean, and the ratings of the remaining ten percent are below it. 
This evaluation refers to the so-called critical observers. 

The data obtained made it possible to evaluate the general average 
values of ratings with a limited number of observers. It is obvious that the 
greater the number of observers, the closer the general average rating to 
mathematical expectation. We determined the confidence limits which 
comprise with specific probability the computed mean rating of all the 
observations. The calculations were performed in the following fashiion. 

If the arithmetical mean of ratings for n observations equals 


determination of confidence limits amounts to finding the probability of 
inequality | m’—m |< e, where m is the mathematical expectation. 


This inequality probability for any e can readily be found [4] from 
the formula 


ta 
P(\m’— mi <t,S’)=2 f S, (dt, 
0 
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where tp = e/S’, 


n 
) (x; -- m' 
i 


Sa— =- ‘ 
n(n—1) 

Sy(t) being the student’s distribution. 

Calculations carried out for the red channel with k >1 show that 
with p = 0.95 and n = 100 the error in the determination of the general 
mean rating does not exceed +2.5%. It can be expected that the errors 
of the mean values for the other two channels will be of the same order. 
Hence, the selected number of observations is fully sufficient for the 
determination of the mean rating. 

The graphs with k >1 and k< 1 for the red channel (Figure 2a and b), 
for the green channel (Figure 3a and b) and for the blue channel (Figure 4a 
and b) are plotted on the basis of ratings by average and critical observers. 
From these graphs we determined the tolerances for the amplification fac- 
tors in the red, green and blue channels. Distortions were considered 
permissible if average observers rated the color visibility of the gray scale 
at 4 points (slightly visible coloring), and critical observers rated it at 
3.5 points. The values for amplification factors obtained from the above 


diagrams are given in Table 2 (positions 1 and 2). 
red channnel k<1 
average observer 


rating 


red channel k>1 


average observer 


a (wre pss 1076 10268 10% “0 09928 0.9856 09784 0972 0964 


Figure 2 


green channel k<1 


average observer 


Figure 3 
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7, 0,9928 09856 0.9765 Q9712 0,964 


Figure 4 
Table 2 
Channels 
> red jeeereen ee blue 
Condition for determining | gray seale coloring 
d tolerances ; pale | | 
S [PID | ble teen er le Ef ect 


K<l w>l Kol 


Amplification factor at which 
average observers give a | | 
rating of 4 Py oe] 2 10098 0,9885 1,0084.0,9892|1 00740, 9883 


Amplification factor at which 


z critical observers give a | | 
rating. Of Sroe-e pie de es 1 ,0103]0,9902'1 ,007 0,9902!1 0055/0, 9906, 
3 \Half the value of tolerances | 
for amplification factor, in os) 7 75: 
percent (average observer) | 9.49 ; 0,58 | 0,42 0,54 | 0,37 | 0,59 
‘Half the value of tolerances 


% | for amplification factor, in | | | 


percent (critical observers) 9.50 | 0,49 | 0,39 


0,49 | 0,28 | 0,47 


From these data we calculate the tolerances for distortions taking 
place in more than one channel (position 3 and 4). They represent half 
the values of the tolerances for k determined in the presence of distortions 
in only one channel, Table 2a gives the boundary values of tolerances for 
the amplification factor, derived directly from Table 2. 

The permissible values for the changes of k in one channel (Table 2, 
positions 1 and 2) were rated within the limits of chromatic distinction by 
comparing the results obtained with the ellipses of the McAdam color deter- 
mination [5]. One ellipse with a focus close to white C is shown in Figure 5 
(dashed line). 

The signals Ep, Eg and Ex arriving in the color kinescope are con- 
nected with the chrominance coordinates of the ICI* by the following equa- 
tions: 


‘International Commission on Illumination. 
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Table 2a 


[Boundary value of | 77 eltipse 7 
ae tolerances for am y 3 
server plification factor 
in three channels; 
(in percent) 


426 029 030 a3 Q32 = 033 
Figure 5 


Critical ; 


0.192Ep +0.055 E}, + 0,063E) 
 0,286Ep + 0.261Eg + 0.453E 5 


x 


0.094Ep + 0.185E% + 0.036F 5, 


y —— 
0.286E 2, + 0,261E% + 0,453E, 


According to these formulas we computed the coordinates correspond- 
ing to the values of signals ER, Eg and Ep for k>1 and k<1 in each chan- 
nel. These computations were carried out for the average observer under 
the assumption that y = 2.2 for the color kinescope. The results are plotted 
on the chromaticity diagram (Figure 5) in the form of points which were 
utilized for the plotting of the ellipse. The principal axes of this ellipse 
whose focus corresponds to white C, are equal to two and three thresholds. 
The data of color distortion calculations for critical observers are not 
shown in Figure 5 since they are sufficiently close to those for average 
observers. 


DETERMINATION OF TOLERANCES FOR GAMMA 


Equipment. Figure 6 shows the block diagram of the test equipment 

‘employed in the determination of tolerances for y, in the red, green and 
blue channels. From the step-by-step signal generator the signal arrives 
in the two-channel gamma corrector. A voltage divider (dividing voltage 
into 10 equal parts) is connected to the gamma corrector output. If the 
signal amplitudes at the outputs of the gamma corrector with y # 1 and the 
amplifier with y = 1 are identical, then with the aid of switch S; a change 
in y with constant gain is possible. The quantity y depends on the position 

_of switch S;. As a result of connecting two signals with y # 1 and y = 1 we 

_obtain a transmission response differing from the power law. Yet, it will 
be shown below that this difference is negligible and can readily be taken 
into consideration. 

Tuning of gamma correctors is effected in the presence of high-fre- 
quency sine loads in step-by-step signals (Figure 7a), After passing 
through the gamma corrector, the sine load is filtered out and its envelope 
characterizes the changes of the amplification factor in the region from 
black to white. The gamma corrector transmission response utilized for 
the plotting of the pattern is represented in the form of a dependence of the 
amplification factor Uout/Ujn on input voltage. In Figure 7b is shown an 
oscillogram of a sine load for y = 0.45, while Figure 7c shows the pattern 
calculated according to the formula 
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commutator 


gamma 
corrector 
{+1 
step-by-step 
signal 
generator 


Figure 6 


a) b) 
Figure 7 


where @ is the proportionality constant. 

The determination of the degree of visibility of gray scale coloring 
was carried out on condition that gamma of the resultant transmission { 
response changes from 1.0 to 1.3. For this purpose the gamma corrector 
was tuned to y = 0.45. The above limits in the change of the resultant trans- 
mission response require that at another extreme position of S; gamma be 
equal to 0.59. The transmission characteristic corresponding to this value 
of gamma is obtained by joining a linear signal with a gamma-corrected 


signal, This transmission response is checked against a pattern calculated 
according to the equation 


which is infair approximation with the power function 


y 0.45 
Outi Uti 
Uin 


When determining tolerances for the visibility of the gray scale 


32 


red channel 


Pt 


average observer 


redchannel J<f 


average observer 


green channel KK! 


average observer 


Ni 
NUTT 


NY 


082 “10 


blue channel [>] blue channel {< 1 


average observer <1 average observer 
nell 
ver ie 0 
- a C 2 
0 6 «61 «(16 «(1% «(1300 |= 10% QA BAH 
Figure 10 


coloring with changes in the resulting quantity y from 1 to 0.7, the gamma 
corrector was tuned to y = 0.32. The signal with such a gamma correction 
was added to the linear signal. In this case, instead of the power function 

with y = 0.45, we checked the resultant transmission response determined 

according to the equation 


Vou =O 7a allt 4.0.97. 


in 
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Table 3 


red =| green jy) blue 
gray scale coloring 
pale | 


bl pink | purple|green ‘yellow blue 
i y<1 | 7>1 Ta 1>1 <1 


Channels | 


Conditions for determining 
tolerances 


No. 


1 | Gammaat which average 
observers gave the rating 4 


—_ 


.06 | 0.90 | 1.06 | 0.94 | 1.06 a 


2 |Gammaat which critical | : | en 
observers gave the rating 3.5 eg 0.93 | 1,05 | 0.96 | 1,04 | 0. 


for gamma, in percent 


3 | Halfthevalueoftolerance | | | | | 
sales 
| 


(average observer) 3 5 3 3 3 4 
4 Half the value of tolerance 

for gamma, in percent 

(critical observer) SM 3-5) 0 2. Omni? 2aak2.> 


Results. On the basis of averaged ratings for five performances, 
general average and critical ratings were calculated for each observer. 
These ratings were calculated in the same fashion as the tolerances for the 
amplification factor. The evaluation curves of average and critical ob- 
servers for y > 1 and y< 1 in the red, green and blue channels respectively, 
are plotted in Figures 8a and b, 9a andb, and 10a andb. From these graphs 
we determined the tolerances for the quantity y in the red, green and blue 
channels, which are shown in Table 3 and 3a. 

The permissible gray scale distortions thus obtained with changes 
in y in one of the three channels are rated within the thresholds of chro- 
matic differences. New coordinates in the chromaticity diagram were 
determined on conditions that y of one channel changes within the limits 
indicated in Table 3 (position 1 and 2), while in the two other channels it 
equals 1. The results of calculations for average and critical observers 
are shown in Figure 11 as points with which ellipses are plotted. The 


Table 3a 


o- average observer 
x —critical observer 
Cutoff value of 
tolerance for 
gamma in three 
channels (in %) 


Observer 


Figure 11 
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principal axes of ellipses with their foci near white C are equal, for the 
average observer, to 6 and 10 thresholds, while for the critical observer 
they are equal to 4 and 8 thresholds. 


CONCLUSIONS 


The results of the present paper confirm the fact that in order to 
obtain accurate tuning and steady operations, very strict requirements 
must be placed on color television equipment. Our vision is very sensitive 
to color distortions caused by changes in amplification factor; hence, the 
deviation of the latter from the required values in the red, green and blue 
channels must not exceed +(0.3-0.5)%. Such a change in the amplification 
factor corresponds in white from 2 to 3 chromatic difference thresholds. 

It should be noted that for the tuning of color television receivers to 
the identity of amplification and transmission responses, the gray scale is 
more expedient than any other color image. 

The author concludes this paper by expressing his gratitude to all 
the colleagues who assumed the role of observers. 

The present investigation was carried out by the author in the Scien- 
tific Research Institute of the Ministry of Communications of the USSR with 
the cooperation of L. F. Yefimova under the general supervision of S. V. 
Novakovskiy. 
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INVESTIGATION OF TWO TRANSISTOR 
EQUIVALENT CIRCUITS 


M. Ye. Movshovich and V. K. Labutin 


Transistor design parameters and the results of their experimental 
control for two transistor equivalent circuits are presented. 


INTRODUCTION 


Equivalent circuits are widely applied in defining transistor proper- 
ties. This representation of transistors permits an analytical investigation 
of various circuits over a wide frequency range. 

Circuits consisting of a small number of frequency-insensitive ele- 
ments are of great interest. Among these, T- and 7circuits (Figures 1 
and 2) can be cited. Let us note that T-circuits are very suitable for study- 
ing the nonlinear properties of transistors. 

Below we compare the results of calculating the y-parameters of these 
circuits by using the values of their con- 
stituent elements, with the results of 
experimental verification on these cir- 
cuits. The purpose of the present inves- 
tigation is to determine the discrepancies 
between the measured values of y-param- 
eters of domestic transistors type P14 and 
P15 and their calculated values derived 
from T- and m-circuits. Knowledge of 

Figure 1 these discrepancies is required for eval- 
uating the application possibilities of the 
above circuits when drafting engineering designs of radio amplifiers. 


EQUIVALENT T-CIRCUIT 


An equivalent T-circuit is shown in Figure 1, where I, is the constant 
emitter current component, ig is the alternating emitter current component, 
re is the emitter junction resistance equalling, at normal room temperature 
and I, = 1 milliampere, approximately 25.6 ohms, and a=a /1+ jy is the 
current gain of the transistor at the frequency of the amplified signal. Here, 
@ is the low-frequency value of the current gain of a common-base tran- 
sistor, fy is the cutoff frequency of current gain of the common-base tran- 
sistor, y = f/fq is the relative signal frequency. It is assumed that this 
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circuit reflects fairly accurately the transistor gain properties in the fre- 
quency band 


OL i KK 0.8 f,. (1) 


In the y-system, the transistor properties are determined in a single- 
valued fashion by the following four complex parameters: 


Vip = 21, + 10C\; Yio = By “> ieCe 
Wo, =L4,) 7+ i0C.,; Var = Ging 4 10Co e (2) 


The y-matrix for transistor T-circuits with common emitters takes 
the form [I] 


al fetZ-(l—2) —F | 


A aZo — Le Tet ty (3) 
1 1 : 
where ep + iC. and 4=eAn), + 2.[ret+ Fyne (1 — @))- 
With % +1, aC, >3'/r, and Ro, C. < 1 we obtain 
(re+rpp A+)? 1 1+ 2 
0 oe Cy = — fe + 
r oa fe 
, C+ 2 1+ 72 + 72 ‘ 
Beni ae af vue Cee cys Py) Ire : (re+ op I 
r if 
1+7 
yaP=en + oO = =) 3 (4) 
__ Mp (e+ bp’ Jo, Co(l + 7) 7, 
area ae a ae ae 
Che C (ret hy) + P) [ret (re +rpy I] 
22 Ss 
Here, re ; 


r= (hp yee (re+ ry). 


EQUIVALENT 7-CIRCUIT 


An equivalent m-circuit of a common-emitter transistor is given in 
Figure 2. It can be shown that the y-parameters of this circuit are deter- 
mined by the following equations: 


Agji y 
Cee bea ae Iie 
ripe 
“mean 5 
Ci i ( ) 
Ci; = jie a 1 
14+ {— 
eae 


where j = 1;2 and i= 1;2. 

Here gjj_ , Agji- Cjj and ACjj 
depend only on the elements of the Figure 2 
equivalent circuit. Their values are 
given in Table 1. 


In this case 
— 1+ Mop (be + Bo) (6) 


o = 
mean (Cy¥e+ Co) Moby 


37 


81 =Bpret Bye. anguGi— Cre Ge (7) 


It is pointed out in [2] that the circuit shown in Figure 2 must be 
operating in a frequency band f< 0.5fg. Nevertheless, individual tran- 
sistor parameters are determined quite accurately by this circuit also at 


higher frequencies. 
Thus, for example, according to the transistor diffusion theory [2] 


= 1,2 (gm, 55 Bye + Boel x 1,22m 


I ely, sas} (8) 
Table 1 
Ls 
1 
B10 ee Ci. 0 
Site Cy 
1 C; 
Agi = acy, ae 
Tob’ (l+7h, &1) (l+7)) &iP 
1 Ce 
B20 Toby (a Ci. 0 
£12 Cy2 
ten| —— £2 ——*be _ AC | — Lot rbb 8 Ppp Bye 
Top C1 1+r py & (l+ 7 ai? 
1 Co 
8210 he Typ E iGo C21 00 0 
&21 Ca 
7 (@paoee. es Se 
gn nS a eats Co 1+ Mbp: &1 
thy 81 bp rc, Sma Bie 
' 1 Pye Te Cam 
bb (1 SU Typ SP 


Be+ pot C [‘en re 
Cy 
Er foe Mak as sary C92. CAs 
— gy, )+ —= | real 
bb' 
& Cn 
Em— Bio Bm — 28 
ree ——————— — m be 
bb! ® be po eee DCF 
1+) 8 12S ae hypreet 
sc fini ee PS me 
Ag2 rs (8m — 28.) + ACx Hn CS Rm— Epc 
So SS ee 
v8 1+ rip ki =| Cy (I+ nei 
"bp! C1 XA CL fb 


r On the other hand, it follows directly from the equivalent circuit that 


Typ Bp'eK 1s Bm > Byes Yor K Yu and Yi2K Muy 
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then the transistor cutoff frequency must be determined by the expression 


ea (9) 


circuit 2nCy 16 


Further, according to diffusion theory [3], with a ~1 peak generation 
frequency must be 


f 
ib — ae ; 10 
max oe (10) 
it follows directly from the diagram, however, that 
led ia 
Fg max cir V ere (11) 
In conclusion we bring the relationship between fmean and fy: 
as fn 
ts ops 0.83 Parr, (1) 


MEASUREMENT RESULTS 


We calculated and measured directly the values of y-parameters for 
8 type P14 and P15 transistors at frequencies ranging from 150 to 2100 
kilocycles per second, with various emitter current values (from 0.2 to 3 
ma). Collector voltage Ee = -5 v. 

In order to determine equivalent circuit elements, we measured the 
following parameters: hf,, hf), hj, (h-parameters of a common-emitter 
transistor) and go. (output conductance with short-circuited input of a 
common-emitter circuit) at a frequency of 1000 cycles per second; Ce and 
Lpp, at a frequency of 1 megacycles per second and fy. Capacitance Cp e 
was determined by Equation (8). 

Direct measurement of y-parameters at high frequencies was effected 
with the aid of a special high-frequency bridge. 

Owing to space shortage, we shall not dwell upon the results of meas- 
urements and calculations of the y-parameter components of all of the eight 
transistors. Instead, we confine ourselves to studying one transistor and 
bring in Figures 3, 4, 5 and 6 the results of investigations which are most 
important for amplifier design. 

Figures 3, 4, 5 and 6 show the frequency characteristics g1,, 22 » 
lyoz! and Cy with I, = 0.5 ma and E~=5 v. Dashed lines represent the 
results of calculations of T-circuits, solid lines represent those of m-cir- 
cuits and small circles () those of direct measurements. The parameter 
values of the equivalent circuit elements of this triode are given in Table 2. 

In Table 3 are given the results of calculating the coefficient 6 which 
characterizes the discrepancy between y-parameters of transistors obtained 
from direct measurements and from equivalent circuits 


§ = meas cal 
Yeal 
In this Table, émean designates the mean value of the coefficient 6, 


determined by the results of measurements and calculation of eight tran- 


sistors of the type P14- P15; 6max is the maximum value of 6. 
When investigating m-circuits, coefficient 6 was determined for the 
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Figure 5 Figure 6 
Taple 2 
E | 
J.sma a2 ohm | ajg1-4 | ac rel | Bo!" | pi ohml yp _c | Gy Mu 
rel mho 
0 = = — — a | = 30 
0.2 2350 Wiad 18.0 3.3 37 0.86 — 
0.5 1150 8.9 20.0 7.6 37 1,30 — 
1,0 680 5.4 23.5 13.7 35 1,54 —_ 
PHAM 420 4.1 25.2 25.5 32 1.74 —_ 
3.0 320 at 26.5 | 37:0 30 «| 1.80 a 
Table 3 
Triode param- ™circuit T-circuit 
ters for which 
Sisdetermined Omean> © | Omax, % |dmean, %| Smax, % 
£1 +19 +36 +17 +40 
Cn —7 —20 +15 +30 
&n +13 +40 —7 —30 
tn —7.0 —20 310 —12 
lyail —7.0 E15 —6.0 —12 
&12 —23 —40 0 +40 
Cio 0 Ey +6.0 +18 
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frequencies f< 0.5 fy and emitter current 0.3 <Ig< 2 ma, when inves- 
tigating T-circuits it was determined for frequencies 0. 25fy<f< 0. 8fq and 
emitter currents 0.3< Ig< 2 ma. 


CONC LUSIONS 


Investigations show that equivalent m and T-circuits, in the frequency 
range mentioned above with current values of 0.3 ma <Ie< 2 ma, are an 
accurate evidence of the dependence of the y-parameters of transistors P14 
and P15 onfrequency and current. ; 

Further, our investigations show that the greatest discrepancy between 
transistor parameters determined by high-frequency bridges and from cal- 
culation takes place for parameters gy. , go. and gy,. As an average, dis- 
crepancies ranging from 10 to 30% can be expected. This implies that in 
the first approximation the equivalent circuits investigated above can be 
utilized for engineering designs of amplifiers with transistors P14-P15. 
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SELECTION OF TRANSISTOR 
AMPLIFIER CIRCUITS 


N.S. Nikolayenko 


Circuits of transistor amplifiers arranged according to increasing 
gain are given; for each circuit the general expression for gain is signeled 
out and its mean value is given; all of the proposed circuits are applied in 
practice and can be utilized over a fairly wide temperature range. 


Unlike electron tube amplifiers whose circuits are usually constituted 
by resistive stages of a single type with capacitive coupling, transistor amplifiers 
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are distinguished by a great variety of circuits. The choice of transistor 
amplifier circuits is determined by the following factors; first, the circuits 
must ensure temperature stabilization of the amplifier; second, they must 
ensure the necessary power gain; third, they must satisfy a number of 
requirements, such as the introduction of feedback, limiting devices, gain 
regulators, etc.; and, finally, fourth, they must be compatible with the 
selected device design which, in its turn, depends on the electric circuit. 
Below we give a number of transistor amplifier circuits arranged according 
to increasing gain. These circuits make it possible to design amplifiers 
stabilized over a sufficiently wide temperature range; moreover, they 
satisfy, to some extent, the requirement for one or another special purpose. 

The type of transistor amplifier circuit should be selected according 
to the power gain required. For each of the circuits under investigation we 
single out the expression for power gain and give its magnitude resulting 
from optimal values of the following parameters: collector current of the 
order of 1 ma, divider current of the order of 0.5 to 1 ma; feed voltage 
from 10 to 20 v; load resistance of the order of 10 kilohms; capacitance from 
50 to 100 microfarads fora signal frequency of 50 cps. The circuits utilize 
germanium transistors of the types P13, P13A, P9A. 

Before investigating the individual circuits, let us make some general 
remarks. 

Comparison of the variousformsof interstage coupling speaks in favor 
of the utilization of directandtransformer coupling. Capacitive interstage 
coupling yields a lower gain than direct coupling, all other conditions being 
equal, since there occur additional power losses inintermediate capacitors 
andbiascircuits. Asarule, capacitive interstage coupling offers no advan- 
tages over direct coupling, excepting an easier calculation of DC conditions; 
hence, their application is justified only in particular cases. 

Amplifier noise depends mainly on the operating conditions of the 
first stage which, in order to reduce noise levels, should be a common 
emitter stage; noise depends very little on the type of interstage coupling. 

Transformer couplings offer advantages from the point of view of 
matching input and output impedance which may vary over a considerably 
wide range. It is true that, when utilizing capacitive inputs, impedance 
can be changed in accordance with emitter circuit resistance (negative 
series feedback); in this case, however, matching is obtained at the ex- 
pense of loss in magnitude of gain. 

The average magnitude of gain per stage is greater in the case of 
transformer coupling. This fact offsets the advantages afforded by this 
type of coupling. 

Circuits with direct interstage coupling afford amplifiers with the 
most favorable frequency characteristic over a very wide frequency range 
(depending on the type of transistor). 

Nonlinear distortions in a narrow frequency band can be reduced by 
using tuned filters of feedback which methods will not be discussed here. 

The stability of circuit parameters improves with improving tem- 
perature stabilization [1]. 

So far as design is concerned, direct coupling presents no difficulties. 
Under actual service condition both types of interstage coupling (direct 
and transformer) are frequently utilized in one and the same amplifier. 

The gains are derived with the aid of the graphical-analytical method {2], 
i.e., the transistor parameters have been taken from their characteristics: 


K, =f, (/,) with Ry = const, 
Rin=So(/c) with R, = const. 
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Figure 1 shows the circuit of a single 
stage capacitance input amplifier. Inorder 
to obtain the maximum amplification factor 
the transistor is connected as a common 
emitter. 

Let us now calculate the power gain. 
According to [3] the power transmission 
factor between the input signal generator 
and the divider resistance a Rg equals 


Figure 1 
—— rg , 
Md ro+Z* (1) 
where 
Ky 2 
ra Ry + (22) 
a (2) 
Py ae penetl )’ 
V + Rn + ( van 
__ Riko 
Ry= Rae (3) 


The transmission factor between resistance Rg and the stage input 
resistance is 


Rd ; J 
ges or Tee 
V+ Rin ee) 
where R; 


in iS the transistor input resistance. 
The general transmission factor is 


M4. = 


gm ee Padre 
BEE coh a eT 
(Rd + Rin)? + Se 


The power of the stage with common emitter is 


(5) 


2 2 
ee EE ee SLE (6) 


The power gain of the circuit shown in Figure 1 is 


Zh 
TgRa BRS 


Able) Merial 2 Kime 
(rg+ 2") V/ (e+ Fin awa cs ) V/ a+ ( 25 


Input power, i.e. , input generator power is 


(7) 


Kp, = 


2 (8) 


Then, circuit output power is 
E? Ky Z,Rd : (9) 


2 Kk 2 
V tint (BE) cot2n| Vf eae aia'+ (ZL) | 
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Pout = 


Under optimal conditions and with optimal parameters the gain 
amounts, on an average, to 30 db for an input resistance of about 1 kilohm. 
Figure 2 shows the circuit of a single-stage amplifier with transformer 
input. , 

When matching the resistance of the signal generator with that of the 
primary winding, the transmission factor 


nme 00 


where Ntyansf iS the transformer efficiency. 


R, 


2 


ga 


Figure 2 Figure 3 


The power gain is 


__ "mp Ki ZL 11 
Kp = “ae (11) 
and reaches 35 db; input resistance may change in accordance with the 
transformer input parameters. 

Figure 3 shows the circuit of a two-stage direct-coupled transistor 
amplifier. The stages utilize transistors of one type (p-n-p); the second 
stage has a common collector. Thermal stabilization conditions of circuits 
with direct coupling are discussed in [I]. 

The circuit gain can be written as [3] 


Kp, = Kp, 112K pp, (12) 
where 


Cy) 
n= raRd = kn Zu 


(rg + Z*) LV @% +Ri my +( an ir V tins (EJ 


Here, Z*,4 is the lumped load of the first stage 


= R4Zin2 : 
ok Ra + Zing 0) 


js (13) 


As is known, input resistance of the stage with a common collector 
equals 


Zine = Ki2Z\. (15) 
Then 
__RewnZ_, 
li Rat KZ (16) 
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The power gain of the stage with common collector is 


Kp = Kj. 


(17) 
The transmission factor between stages is 
R4 
Mm. = ———_ - 
Rat eZ Pe 


In this case, the circuit gain equals 


22:2) 2 
Ki, Kio RGR, Z 
ko = dime i2EGESd Sih 


(f 5 2 
(+29 V/ (Rat Rin? + ( = ) |x 


a a 
2 Kit 2 


and amounts to about 40 db with an input resistance of about 1 kilohm. 
Figure 4 shows the circuit of a two- 
stage transistor amplifier with direct 
interstage coupling. The stages utilize 
transistors. 
In its general form the expression 
for circuit gain equals 


(19) 


Mmp 


Koy = —Q~ Kp 2K pp? (20) 
Ki, Zi Fi 
Kx» = ————"’ gure 4 
PI Rin (21) 
where 
2 
R, V/ ku Se ( ai ) 
LG rere ey (22) 
i kp \? 
(Rit Rnve+ (22) 
mM.= ay , (23) 
2 
Vi a+ Roa? +( =e ) 
KZ 
Kio ge aes : (24) 
K 
Rha (2G, } 


Hence, substituting (22) into (21) and the resulting expression, to- 
gether with (23) and (24), into (20), we obtain the power gain of the circuit 


KK RAZ 
pa Nmp 1 12 “4 = a (25) 
Rim|(Ret Rnd? + (2A-) | 


It amounts to about 50 db. Input resistance changes over a very wide 


range. ; ee 
Figure 5 shows the circuit of a two-stage transistor amplifier with 


transformer coupling. As is known (3], the gain a circuit with interstage 
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transformer coupling equals 


n 
ia M Key» (26) 
where kpj is the gain of an individual j-th stage. 
Consequently, 
‘mpi 
Kys= an Kp “Mmp2 Kp (27) 
or 
K —_ mpi KiniZ1 Kip Z12 ° (28) 
IMT tose Rin Rin2 


As an average, the gain of the given circuit may attain a power of 
60 db. Transformer coupled circuits have an appreciable wide field of 
application. Examples relating to the design and application of such cir- 
cuits can be found in [4, 5]. 


Figure 5 Figure 6 


Figure 6 shows the circuit of a three-stage direct-coupled amplifier. 
The stages consist of transistors of the same type. Temperature stabiliza- 
tion is ensured by alternating the stages having a common emitter with the 
stages having a common collector. The principles of temperature stabili- 
zation of such a circuit have been described earlier [1} There, however, 
calculation of the circuit gain was not quite accurate, since the coefficients 
of power transmission between stages were not considered. 

In its general form the expression for gain can be written as 


"mm 
Kp=— K p, MyoK py MK py - (29) 


Calculations must begin with the last stage. According to [3] we can 
write 


2 
‘Zz 
fp en 
V na (22.) 
ee ORS 
where 1G Rs + Zing 


Zimn=Y Rina + (28) Rig + (sree : 
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The lumped load resistance of the second stage is 


RsZing 


Zo= 
aa Rs5+Zins 


The lumped input resistance of the second stage is 


where 


aan 
ws) kis + (2) 


= . 2 ‘ 
V st Rin? + ie 
oC 


is 


The lumped load resistance of the first stage is 


/ he 2, 
i Ri Zing Fe REZ 
Lar ee egies eat, gaat 
R41 + Zing Rint 
Kp. Ki2, M2 = a : 
Ryt+ Zing 


By Redes the obtained expressions into (29) we have 


x 


K. — "me. Kh Kiy KBZL 
Pe 9 Rint 

Ri 2 

R5 


(Ry + ROY Rint {75 ai) [eg/ xs + Rins) +( ie 


nar gL Rt Ag 
13 2 
+ KioRs a (= aC; ) 
The gain is approximately 75 db. 


The circuit described above was applied in a signal booster [6]. 

Figure 7 shows a three-stage direct interstage coupled transistor 
amplifier. The stages are formed by alternating transistors of various 
types. The utilization of transistors of various types makes it possible to 
gather all the amplifier stages in a circuit with common emitter, utilizing 
a low-voltage power supply. The gain of the given circuit is calculated 
according to the circuit in Figure 4 and amounts to 


x 


Ki ki KBZL 
K, =e 2s &X 


2 Rint 
Ri R2 


OT (eat Ruse + (22) | lV (Rs + Rinae + (2) | 


As an average, the gain equals 85 db. 

Figure 8 shows the circuit of a five-stage direct coupled transistor 
amplifier. It consists of all same type transistors with alternating stages 
connected as common emitter and collector. This circuit has been analyzed 
earlier in [3]; the power gain was calculated in a way similar to that of the 
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Figure 7 Figure 8 


The expression for gain has the following general form: 


Wimp 
Kp, = a Kr Mok pp Mask’ pg 134K pg 45K pg 


where 


2 = 
are A 
nu Ms Ry » Kp = Kin» 


Rat Zing 
Rs Ki Zt3 ea R; 
23 » Kp, : » M34 . ’ 
Rs + Zin3 Zin3 R7 + Zing 
2 
Rs a KisZL 


Kp =Kj4, M45 == ———_-,_ K 
a "PM REET eee hae Zins 


The magnitude of the gain ranges usually from 110 to 115 db. The 
circuit described above was utilized in practice [7]. 

All of the circuits investigated can represent a part of a more complex 
device or serve as preliminary stage for more powerful devices; in this 
case, the circuits usually have a transformer output. 

We confined our investigations to a five-stage direct coupled ampli- 
fier since resistance coupling appears to be impractical in the case of cir- 
cuits with a greater number of stages. 
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IDEAL ACTIVE ELEMENTS 
FOR ELECTRIC CIRCUITS* 


D.A. Tsirel’ son 


The basic properties of ideal active elements are described. A 
method for designing ideal four-terminal converters with the aid of such 
elements is given. The possibility of their application to the design of new 
circuits replacing electron tubes and transistors is shown. 


INTRODUCTION 


Efficient designing of circuits for replacing real active elements 
‘acquires considerable importance for the analysis and synthesis of linear 
electric networks. At the present time, two methods for designing true 
active-element replacement circuits are used. The first is based on the 
utilization of dependent voltage or current supplies |1, 2]; the second relies 
on the utilization of such ideal four-terminal converters as the ideal gyrator 
[3] or the ideal power converter [4]. 
As is known, the first of these methods has been extensively applied. 
_ Stimulated by problems of sythesis, the trend toward finding efficient 
methods for designing active element replacement circuits led during re- 
cent years to a critical reappraisal of the properties of dependent sources, 
as a result of which the notion of ideal active elements (IAE) was introduced. 
By introducing ideal active elements [5-8] it became possible to establish 
the interconnection between various forms of dependent sources. Yet, their 
interconnection with ideal four-terminal converters has not been sufficiently 


elucidated as yet. 


*Translator’s note: Ideal active elements, voltage-current converters, 
and the like, have recently come to be known as “transactors” in the American 
literature. In this article, the older terminology has been retained. 
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The present paper proposes a method for designing ideal four-ter- 
minal converters based on the utilization of ideal active elements; the 
possibility of utilizing them for creating new real active element replace- 
ment circuits is also shown. 


BASIC PROPERTIES OF IDEAL ACTIVE ELEMENTS 


An ideal active element is a linear, nonautonomous, active, unidirec- 
tional, four-terminal device with no power consumption. 

The basic properties of ideal active elements are discussed. in 5-8 
and consist of the following: . 

1. Ideal active elements have one controlled and one active pair of 
terminals. The controlled pair of terminals responds to signals fed from 
outside, while the active pair of terminals is insensitive. The active pair 
of terminals is used for the connection of loads. 

2. Inside ideal active elements no energy is transferred from the 
active pair of terminals to the controlled one. 

3. Ideal active elements have a single-valued dependence between 
the voltage or current of the controlled (input) pair of terminals and the 
current or voltage (not necessarily in the indicated order) of the active 
(output) pair of terminals. 

4. Ideal active element parameters do not exceed the limits of the 
stability region. 

5. Ideal active elements can consist of four terminals with a short- 
circuited side where one input and one output terminal are joined up directly, 
or both are grounded. In this case, ideal active elements are really three- 
terminal circuits. 

The mathematical properties of ideal active elements are expressed 
by a special 2-by-2 matrix acquiring actual significance depending on which 
values of voltage or current have been chosen as the unknown variables. 
This enables us to introduce two dual ideal active elements which are 
characterized by the following matrices: 


el= [1,0] (i (1) 
*]=(, 0 [2] (2) 


i= Y,u, (3) 


and 


or equations 


and 
uy = Hea be (4) 


In these expressions u; and iy are, respectively, the voltage and 
current referred to the controlled terminals; uy and i, are, respectively, 
the voltage and current referred to the active terminals; Ypy and Zp are, 
respectively, the admittance and impedance of ideal active element trans- 
mission. Ideal active elements described by Equations (10) and (3) are 
called voltage-current converters (VCC), while those characterized by 
Equations (2) and (4) are called current-voltage converters (CVC); a VCC 
is controlled by voltage, and a CVC, by current. The graphical definitions 
of these ideal active elements characterizing the difference between voltage 
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and current terminals are shown in Figure 1. The controlled side of the 
ideal active element is designated by an arrow. 

It can be easily noted that for VCC there exist only{Y]and {a]-matrices 
while for CVC there exist only[Z] and[a]-matrices. VCC output and input 
impedances are infinitely great, while CVC input and output impedances 
equal zero. 

Cascade connection of VCC with CVC makes it possible to obtain two 
derivative ideal active elements. 

Cascade connection of VCC with CVC yields a voltage-converting 
derivative ideal active element which is therefore called unidirectional 
voltage converter (UVC); its input impedance is infinitely great, while its 
output impedance equals zero. An UVC is characterized by the equation 


UF ae (Y,2,) u, = pu. (5) 


Cascade connection of CVC with VCC yields a derivative ideal active 
element which converts current according to the equation 


by = (Z,Y,) dy = 24). (6) 


The ideal active element thus obtained is called a unidirectional cur- 
rent converter (UCC). Its input impedance equals zero, while the output 
impedance is infinitely great. In Equations (5) and (6), and @are, re- 
spectively, the voltage feed factor under no-load conditions and the current 
factor under short-circuit conditions at the active poles of UVC and UCC. 
The schematics of UVC and UCC are shown in Figure 2. The basic matrix 
elements of the group of ideal active elements and the values of their input 
and output impedances are given in Table 1. 


im “5 5 : : = a 
Uy 
VCC CVC UVC UCV 


Figure 1 Figure 2 


> 


Table 1 


Matrices and Values of Input and Output Imped- 
ances of Ideal Active Elements 


Abbreviations matrices 
of ideal active ZB AZ. ¢ 
elements bl | (7) 
[> 2) [oe] 
0 0 
Ce) 0 
0 « 


It must be noted that in the case of cascade connections of derivative 
ideal active elements it is impossible to obtain directly a VCC or CVC 
without introducing additional passive elements. The possible versions of 
cascade connections of ideal active elements and their matrices are shown 
in Table 2. 


Resultant 
Variant of cascade circuit 
connection and its 
(~]-matrix 


All of the ideal active elements investigated are steady unidirectional 
converters, whose[a]-matrix determinants Aq = 0, i.e., all of the ideal 
active elements are nonreversible circuits. Let us note that formulas (3) 
to (6) fully coincide with the relationships characterizing dependent sources. 
However, when operating with dependent sources, it has not been pointed 
out that the basic ones are the voltage-controlled current source and the 
current-controlled voltage source, while the voltage and current sources 
controlled, respectively, by voltage and current, are resultant sources. 
This fact becomes manifest only when operating with ideal active elements. 


NATURE OF IDEAL ACTIVE FOUR-TERMINAL CONVERTERS 
AND THEIR CHARACTERISTICS 


An ideal active four-terminal converter is that nonautonomous, 
nonunidirectional, active, four-terminal network which has no internal 
energy dissipation. Hence, unlike ideal active elements, ideal active 
four-terminal converters have a feedback between the active and controlled 
parts. This fact represents the basis of the method proposed by us for 
designing circuits of ideal active converters with the aid of ideal active 
elements and ideal transformers (IT) utilized as no-loss feedback circuits. 


Let us bear in mind that IT matrices with a transformation coefficient 1:n 
take the following form: 


1 


=== (9) A 
iayel=| 4 | [27 ]= k At [Ayr] = a . (7) 
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Figure 3 Figure 4 


Let us investigate a UVC and IT series-parallel connection (Figure 3), 
By utilizing UVC and IT[g]- matrices we find the derivative matrix of 
the circuit under investigation which we designate by [gL]: 


= | © O gill O 2 
led=[e alt te o)= [as 00) (8) 

Taking n= 1, with the aid of the well-known relationships between 
matrices [g] and [a] for UVC we find {a]-matrix of the circuit: 


Polar cua 
fel=| J=[e°]. (9) 
Ome! Om 


where M= yp +1 is the current conversion factor. It follows from formula 
(9) that the circuit shown in Figure 3 converts the input voltage M times 
without converting the input current; let us call it the ideal voltage conver- 
ter (IVC). Series-parallel connection of UCC and IT (Figure 4) makes it 
possible to obtain another ideal active converter circuit. By utilizing {h]- 
matrices of circuit elements we obtain the following derivative circuit 


matrix: 
1 1 
0 — 0 = 
me (ORO z in| We n 
mo} | tf “| (10) 


Assuming that in (10) n= 1 and utilizing the relationships between the 
elements of [A]- and [a]-matrices for UCC we obtain the[a@]-matrix in the follow- 


ing form: 


1 0 1 0 
a,|= 1 |= ap (11) 
[ r| 0 ra] | a 


where A =a +1 is the current conversion factor. Formula (11) shows that 
the given circuit converts the input current A times without converting the 
input voltage; let us call it the ideal current converter (ICC). For IVC and 
ICC we introduce the graphical designations shown in Figure 5. A cascade 
connection of IVC with ICC (in any sequence) yields another ideal active 
four-terminal converter whose [a]-matrix has the following form: 


aeoulalalene = 0 
[2,] [2,] = M 0 aA he ‘ ak = [a,]. (12) 
ye A ; 
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IVC ICC 
Figure 5 Figure 6 


Unlike IVC and ICC, the given circuit converts simultaneously the 
input voltage and input current. If we assume that the initial IVC and ICC 
have identical conversion factors, i.e., M= A=C, then the circuit obtained 
is an ideal power converter (IPC) whose [a]-matrix can be written as 


— QO 
ea-| i 1 } (13) 
0% 


The IPC properties have been thoroughly investigated by E. V. 
Zelyakh [4] who introduced the graphical symbol IPC shown in Figure 6. 
It should be noted that cascade connection of IPC with IT (Figure 7), with 
an appropriate selection of the transformation coefficient, makes it possible 
to obtain the IVC and ICC circuits. In fact, after multiplying the IPC and 
IT [a]-matrices with one another, we obtain 


1 1 


Kee tt ee Kn © 

eaten! =| 1 | i; |-| ‘ } (14) 
0 K Ol: ose 
K 


We assume in (14) that n= K and obtain the matrix 


> vs 
and 
Omer, 


which corresponds to IVC with M = K Yet, if we take n= 1/K, then the 
connection under investigation is characterized by matrix 


j§—_ K in els 1 0 
: als 
Figure 7 which correspond to ICC with A= K2, Hence, 
it follows that the conversion factors of IVC, 


ICC and IPC are connected with the ratio of the apparent output to the appar- 
ent input by the relationship 


M = A= kK? = 22 | (15) 


uyhy 


It must be emphasized especially that in the general case M, Aand K 


are complex numbers on the strength of the assumption that these circuits 
are active 


j|M|>1, |Aj>1 and |K/>1. (16) 
Consequently, IVC, ICC and IPC convert apparent power in such a way 


that 
Unig > Uji, (17) 
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_Let us investigate the dependence of IVC and ICC input impedances on 
load impedances. As is known [1] the four-terminal network input imped- 
ance in the general case equals 
ayZt+ ay9 
ay,Z, + ay ” 


in 


where Zy, is the load resistance. With the aid of formula (9) we find Zin 
for IVC: 


1 
Znive= Mu Z. (18) 


For ICC, with the aid of formula (11) we find 
Cis ICC =AZ,. (19) 


Let us note that in an analogous way we can determine the dependence 
of the IVC and ICC output impedance on the signal source impedance. The 
dependences obtained for the IVC and ICC input impedance depend on the 
fact that on satisfying inequality (17) the relationship 


uy ug 


(20) 
is true for them. 
As is known, IPC does not convert impedances inasmuch as it con- 


verts the current and voltage by K times, i.e., for IPC the following 
equation is true: 


dallas Aa 
eae 7 (21) 
In connection with the above let us note that relationship (20) is true 
also in the case of ideal passive converters IT and ideal gyrators (IG). The 
IT input impedance with a load Zy, equals 


1 
ZiniG pag LZ: (22) 


For an IG (Figure 8) whose [a]-matrix 
equals Figure 8 


On 
Inel=| ¢ “|. (23) 


where G is the gyrator conductance, the input impedance with a load Zy, is 


Zz en 


ee Po Sh it 
In IG ie Gz Z ‘24) 


Consequently, IG converts the load two-terminal network into a 
reversed two-terminal network. However, for IT and IG inequality (17) is 
not valid, whereas equality 


ub, = Ugly (25) 


appears to be true. 
Yet, IG can be obtained by parallel connection of two identical VCC 


or by a series connection of two identical CVC, as is shown in Figure 9. 
Assuming that in the case of parallel VCC connection (Figure 9a) Vig y= 
= G, we obtain the resultant [Y]-matrix of the circuit in the following form: 
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Yel=[o0]*[o ole of oe 


For a CVC series connection (Figure 9b) with Z}, = ZR = 1/G, the 
[Z]-matrix takes the following form: 


1 
0 Oo 0 =k 0 G 
[417] =] 1 oft ed booed ba : (27) 
G HO @ — 0 
G 


By utilizing the well-known relationships between the elements of 
various matrices we can easily see that matrices (26) and (27) are identical 
with (23) and reflect IG. 


Figure 9 


Ideal four-terminal IVC, ICC and IPC converters are nonreversible 
circuits where the values of the [2]-matrix determinants are in a range of 
0<Ag<1. In the general case, IVC, ICC and IPC belong to the category 
of conditionally steady or potentially unsteady four-terminal networks 
owing to the presence of feedback in their circuits. At the same time IT 
and IG, which are passive elements, have an unconditional stability and 
are characterized by the determinants Ag = 1 for IT and Ag = -1 for IG. 


SOME APPLICATIONS OF IDEAL ACTIVE ELEMENTS 


With the aid of ideal active elements and ideal active four-terminal 
converters it is possible to obtain replacement schemes for such circuits 
as negative resistances, negative resistance converters and inverters as 
well as real active elements replacement circuits. 

Negative Resistances (two-terminal elements with a negative real 
part) are obtainable with the aid of VCC and CVC. By connecting the VCC 
input and output terminals, as shown in Figure 10, we obtain 


Zin=— <u =-i s (28) 


The negative resistance thus obtained is voltage-controlled and steady 
when its terminals are short-circuited. In the case of a series connection 


of the CVC input and output terminals (Figure 10b) we obtain the negative 
resistance 


Li eo (29) 


controlled by current and steady under no-load conditions. The above ideas 
clearly show the physical significance of the two types of negative resistance. 
Negative Resistance Converters (NRC) are four-terminal elements 


converting load resistances into negative ones. An NRC is obtainable with 


56 


4uy Uy 


Figure 10 


the aid of IVC or ICC if in the circuits in Figure 3 or Figure 4 the output 
terminals of UVC or UCC are cross-connected. In this case, M<0 and 
A<0; hence, for NRC formulas (18) and (19) take the following form 


Zi =e 
Me in NRC pee (30) 
Zin NRC= — AZ, (31) 
If the circuits are designed in such a way that M=1 or A=1, we 
obtain a unit NRC, also called negative converter (NC), whose [a]-matrix 
equals 


fal wec=[* 5 3]: @2) 


In formula (36), in the case of unit NRC matrix elements, the top 
terms pertain to the case of NRC being realized with the aid of IVC, while 
the bottom terms refer to ICC. The required conditions for the existence 
of an NRC are 


Qo =A, =0; —1 <ayay <0; —1<A4A, <0. (33) 
Negative Resistance Inverters (NRI) are four-terminal elements 


converting two-terminal load elements into reverse negative two-terminal 
elements. Like IG, NRI can be obtained by connecting in parallel two iden- 
tical VCC or by a series connection of two CVC (Figure 9) without crossing 
the terminals. Unlike IG matrices (23), (26) and (27), NRI matrices have 
. the following form: 
1 

Qu: los 
[alver = @ ys (¥Iner =| ° a [Z]xp1 -| °| (34) 
G 0 ae La 


NRI input impedance with a load Z], equals 


1 1 
Zann =~ GZ" (35) 


By designing the circuit in such a way that G= 1, we obtain a unit 
NRI whose {a]-matrix equals 


fain =| 53> of: (36) 


The conditions for the existence of NRI are 
Q; = 42 =0; Aya =—1; A=]. (37) 


Negative resistance inverters are reversible circuits which are 
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sometimes called negative gyrators (NG). Real NRC and NRI circuits are 
extensively used for damping compensation and resistance conversion in 
RC and RLfilters. 
Let us note that the value of the [a]-matrix determinant is a convenient 

measure for evaluating the conversion properties of ideal active elements 
and ideal four-terminal converters. This becomes evident by the relative 
location of all ideal four-terminal elements in the plane of determinant Aa 
components, i.e. , in the (@44@2)-(042%1) plane shown in Figure 11. 


Figure 11 


Real Active Elements Replacement Circuits. IPC, IVC and ICC can 
be utilized for designing real active elements replacement circuits not con- 
taining dependent sources. 

Methods for designing electron tube and transistor replacement cir- 
cuits with the aid of IPC are expounded in [4]; hence we shall confine our- 
selves to investigating circuits replacing real active elements by IVC and 
ICC, 


As is known, (4], the IPC conversion factor is connected with the non- 
reversible, linear four-terminal element determined (0< Aq <1) by the 
relation 


K=—- (38) 
VS 
By substituting into formula (15) the quantity K from (38), we find 


the relationship between IVC and ICC conversion factors and the nonrever- 
sible initial four-terminal element parameters 


It must be taken into consideration that although M and A are expressed 
in an identical fashion by the initial four-terminal element paramenters, 
IVC and ICC convert the impedances attached to their input or output ter- 
minals in a different way. Thus, when designing replacement nonrever- 
sible four-terminal elements by IVC or ICC they must be arranged in the 
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new replacement circuit in such a way that the characteristic impedances 
of the initial four-terminal element and its replacement circuit be fully 
identical. In particular, when changing from 7- or T-circuits with one 
dependent source to new replacement circuits with IVC or ICC, the initial 
circuit must be represented as a connection of a two-element L network 
and a single-element four-terminal network with the impedance in the shunt 
or series arm between which IVC or ICC are inserted. In this case, IVC 
must be connected to the 7-output of the L circuit or to the output of the 
four-terminal network with the impedance in the shunt arm (Figure 12), 
while ICC must be connected with the T-outlet of the L circuit or to the 


output of the four-terminal network with the impedance in the series arm 
(Figure 13). 


a)- 2, 


mp b) NM Ys 


Figure 12 


Figure 13 


The conversion factor involved in the new IVC or ICC replacement 
circuit is determined from formula (39), while the values of passive ele- 
ments for the initial 7m-circuit are determined from conditions 


Fito= Vis Yor0 = Yoo (40) 
whereas for the initial T-circuit they are determined from 
Z119 = 241, Z299 = Zy2. (41) 


Here, the parameters with double indices refer to the initial circuit, 
while those with triple indices refer to the new replacement circuit. 

On the basis of the above and with the aid of Equations (39) to (41) we 
designed new electron tube and transistor replacement circuits shown in 
Tables 3 and 4. These circuits are found to be most clearly arranged and 
convenient in those cases where active elements are utilized for converting 
impedances or compensating for losses in active filters and phase-correct- 
ing circuits. The author plans to devote a special paper to the application 
of new replacement circuits. 


CONCLUSIONS 


The proposed method for designing ideal four-terminal IVC, ICC and 
IPC converters describes successfully the interrelation between these and 
ideal active elements. 

Insofar as all of the investigated ideal active circuits can be obtained 
with the aid of various combinations of ideal active elements and, in the 
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Table 3 


replacement cir- 
nee depen- | new replacement 


circuit 
dent source 


circuit 
diagram 


Table 4 


replacement cir- 
cuitwith depen- 
dent source 


circuit 
diagram 


new replacement 
circuit 


end, with the aid of VCC and CVC, the latter should be regarded as canon- 
ical forms of active four-terminal networks. Consequently, VCC and CVC 
should hold the same place in the theory of electric circuits as ideal pas- 
Sive elements R, L and C, 

The above examples relating to the application of ideal active elements 
and ideal four-terminal converters are evidences of the possibility of utiliz- 
ing them for the designing of real active elements replacement circuits. 
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PROSPECTS FOR THE APPLICATION 
OF SYNCHRONOUS START-STOP SYSTEMS 


TO WIRE COMMUNICATION 


V.I. Kirsanov and E. B. Minkin 


It is shown that, in the case of multiplexing telegraph channels, 
utilization of synchronous transmission methods not only increases the 
number of telegraph channels available but also endows the apparatus with 
new properties, which are valuable for the creation of commercial com- 
munication channels. It is noted that realization of synchronous start-stop 
systems can be most effective in the presence of unified signalling speeds 
and in the utilization of uniform codes with rigid time correlations. 


In connection with the questions raised by V.I. Shlyapoberskiy in his 
paper “Multichannel Systems in Telegraph Communications” [1] one should 
investigate a number of problems relating to the expediency of utilizing 
synchronous start-stop systems in wire communications for telegraph and 
cipher information traffic. This information is also transmitted by binary 
codes, and its volume is bound to grow continously. 

At the present time, telegraph messages are, in the majority of 
cases, transmitted on voice-frequency telegraph channels. The printers 
utilized are operated as required by specific applications. 

Progress in automation makes substantial demands not only of ter- 
minal telegraph apparatus; but also upon the multiplexing equipment, provid- 
ing the channels of the transmission of binary codes. It is obvious that it is 
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impossible to develop communication equipment without taking into account 
prospective automation methods. At the same time it is also obvious 
that an efficient automation system requires the development of adequate 
multiplexing methods. This will be investigated more thoroughly below. 

Telegraph communication equipment consists of terminal and multi- 
plexing equipment. Experience has shown that simplex start-stop equip- 
ment is perfectly adequate for final links. These devices are extensively 
used not only for normal word messages, but are also frequently utilized 
for the transmission of cipher code information. 

Until recently, its wasconsidered expedient in the presence of ter- 
minal start-stop equipment to utilize the frequency-division multiplex 
method, i.e., to set up independent speed (up to 75 bauds) carrier chan- 
nels. By this technique universal channels are provided which can transmit 
any binary information up to the limit of channel capacity. However, this uni- 
versality leads, on the one hand, to the impossibility of automatically cor- 
recting distortion arising in various sectors, and, on the other hand, to 
considerable losses in the frequency spectrum due to filter limitations. 

As is shown in V.I. Shlyapoberskiy’s paper [1], utilization of time- 
division multiplexing for multichannel telegraph systems makes it possible 
to obtain substantial gains in traffic capacity. The problem of the most 
efficient utilization of time-division and frequency equipment for synch- 
ronous start-stop systems can be approached from various angles. Yet, 
it is indisputable that, in the long run, time-division multiplexing yields 
approximately a twofold gain in the amount of information transmitted, 
i.e. , the conclusions drawn by V.I. Shlyapoberskiy are fully corroborated. 

Thus, there are no doubts today as to the effectiveness of utilizing 
time-division multiplexing from the following points of view: a) improve- 
ment of traffic-carrying capacity; b) possibility of correcting distortion at 
each section; c) ease of control of preliminary information; d) possibility 
of utilizing special codes for error correction; e) setting up of automatic 
control systems; f) possibility of utilizing phase-difference modulation; 
etc. Moreover, it must be mentioned that there arise new qualitative 
possibilities. Thus, the introduction of time-division multiplexing generally 
requires increased signalling speed in the general channel. This automat- 
ically provides an operating high-speed channel which can be utilized for 
both secondary telegraph multiplexing systems and for commercial com- 
munication equipment ensuring information exchange between computing 
centers, 

At the present time, provision of universal high-speed channels for 
the transmission of binary code signals is an urgent problem. Itssuccess- 
ful solution can yield gains not only in the field of communications, but can 
also accelerate considerably the introduction of computer engineering into 
the country’s national economy. 

At the same time it should be borne in mind that we are concerned 
here with high-speed synchronous channels; these channels cannot be uni- 
versal with regard to speed of transmission. Such channels permit the 
speed to be changed by multiples, but require a radical substitution of 
equipment if, during operation the rates are not coordinated. For this 
reason, specialists in the field of communications and computer engineering 
are faced with the problem of establishing standard signalling speeds. 

On the basis of preceding works, the following scale of standard 
speeds of binary code transmissions are proposed as a subject for discus- 
sion: 50; 75; 100; 150; 300 and 600 bauds. Moreover, in order to set up 
individual channels for data transmission equipment the following speeds 
can be recommended: 1200, 2400 and 3000 bauds. 
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: Speeds of 50 and 75 bauds are assigned to individual channels where 
simplex start-stop equipment with 7.5 unit codes is utilized. We hold that 
these conditions must be applied to the entire peripheral equipment for data 
input to and output from computers operating at low speeds and capable of 
putting out and receiving datadirectly from communication channels. If the 
latter condition is satisfied, then the entire telegram network of the Soviet 
Union can automatically be utilized for data exchange with peripheral links. 

Speeds of 100 bauds and higher are assigned to group channels. For 
this reason, complete synchronism must be ensured when information is 
fed into the communication equipment. This will cause no difficulties pro- 
vided tha these communications are established with individual objects, or 
between computing centers, where all of the conditions required for the ful- 
fillment of the assigned specifications exist, rather than with peripheral 
points. 

Thus, a brief review of synchronous start-stop telegraph multiplexing 
systems shows that these systems widen the field of application of telegraph 
communications equipment. It is enough to bear in mind that, when using 
frequency-division multiplexing (if we discount universal channels with 75 
baud capacity whose over-all quantity, incidentally, is about one-half that 
of synchronous start-stop systems), nothing can be obtained without a com- 
plete replacement of operating equipment. On the basis of what was said 
above, the view may arise that synchronous start-stop communication 
systems have no drawbacks and should be applied without reservation. 
This, however, is not the case. The point is that as soon as we switch, 
in any link, to the synchronous transmission method, which affords a num- 
ber of considerable advantages, universality is lost immediately. In other 
words, we are no longer able to transmit by the communication channel any 
random signal whose time correlation cannot be coordinated with the exist- 
ing operation cycles of time-division centers. 

At the same time, there arises the question as to why in telegraph 
channels designed for the transmission of definitely specified data there 
should arise alien signals whose time intervals may not be coordinated with 
those of the telegraph signals. 

The point is that, besides transmitting the message, the telegram 

_must be proceded by the address which, with the aid of automatic devices, 
switches the telegram to the destination site (code switching system), or 
automatically arranges the channel beforehand up to the destination site and 
transmits the telegram thereafter (telegraph exchange and switching net- 
works). Economic estimates show that in the presence of a large number 
of inexpensive telegraph channels, the second automation method is better. 
However, in the case of telegraph exchange and switching networks, two 
ways of route fixation are possible: 

1. Keying of the route from the start-stop apparatus keyboard. 

2. Keying of the route by means of conventional telephone dials. 

In all those cases where route keying is performed from the key- 
board of the device, no alien signals are sent into the channel since one 
and the same code is employed everywhere. For this reason, in key 
sending, code commutation and telegraph exchange and switching network 
systems can be matched, with no difficulty whatsoever, with synchronous 
start-stop systems of secondary multiplexing. 

Nevertheless, our widely applied telegraph exchange system and the 
projected system of switching networks (SN) operate with the aid of route 
dialling. Thus, route fixation is performed here by a completely different, 
irregular binary code with the absence of rigid time intervals between dial 
pulse. It is obvious that the conversion of such signals for their transmission 
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by synchronous systems turns into a problem whose solution is complex, 
because any strict stabilization of the duration of pulses generated by tele- 
phone dials has to be excluded. It is true that in SN systems dial pulses 
are fed by the dial not directly into the channel but through a discriminator. 
This fact affords the possibility of introducing the conditions required for 

a reliable transmission of route switching codes. At the present time 
these conditions are coordinated; hence, SN systems will be operating at 
specific speeds with synchronous start-stop telegraph equipment. 

Although the above contradiction in SN systems has been reduced to 
a minimum, we still maintain that from the point of view of uniformity of 
the signals transmitted, from the point of view of the possibility of setting 
up composite networks where, code switching is utilized, for a simpler 
coordination of these systems and the creation of realistic conditions for 
the rapid introduction of contactless switching, transmission of route data 
from the keyboard of a telegraph set should be employed. At the first stage 
of this operation the equipment will necessarily turn out to be slightly more 
expensive; yet, in the future there will be an indisputable gain from switch- 
ing to electronics. 

Route selection by telephone dials in telegraph exchanges where the 
data are directly fed into the multiplexing equipment puts the proposed 
multiplexing method into a difficult position. Actually, two basically 
contradictory matters have to be reconciled. We must confine into rigid 
time intervals an entity which may have a different number of cycles (dial 
pulses) along with an entity which has a wide dispersion in the duration of 
each cycle, without there being any fundamental difference between the 
specific and always probable code combinations and the specific series of 
dialed pulses. 

Thus, an essentially promising method of automation for a specific 
technical solution becomes an obstacle to the wider development of synch- 
ronous start-stop communication systems. It is for this reason that we 
think it may be of some use if the positions presented in this paper are 
given wide discussion in order that, as a result of a thorough investigation 
by specialists, appropriate resolutions could be taken and ways be found to 
eliminate these contradictions. 
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We published V.I. Shlyapoberskiy’s paper “Multichannel Systems in 
Telegraph Communications” in “Elektrosvyaz’” No. 7, 1961 to stimulate 
discussion. Above we reproduce the first article received by the editors 
in answer to Shlyapoberskiy’s paper. Since futher discussion of the prob- 


lem is highly desirable, the editors request the readers to continue send- 
ing material. 


The Editorial Board 
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DISTRIBUTION OF SWITCHING LOSSES 
OVER INDIVIDUAL SECTIONS OF 
UNIDIRECTIONAL SWITCHING NETWORKS 


V.G. Dedoborshch 


The distribution of switching losses (due to blocking) over individual 
sections of switching networks, considering the cost of switching equipment, 
is examined. Optimal relative values of switching losses for trunks and 
line sections of networks are given. 


At the present time, the application of telegraph communications by 
the system of direct switching is growing continously. This system ensures 
automatic switching over the entire length of the transmission path, if 
free channels are available. In this case, the main telegraph exchanges 
are equipped with automatic unidirectional switchboards. 

The newly designed automatic switchboards employ multiplex cross- 
bar connectors (MCC) as main switches. The operational quality of tele- 
graph communications depends on the number of MCC set up at the selec- 
tion stages, and the number of channels in the routes under a specific load. 
' The cost of exchange and line equipment is not identical; for this reason, 
the quality of operations at various switching sections must be such that the 
most economical design of the system as awhole can be ensured. 

Below we determine the relative values of switching losses for indi- 
vidual switching network sections during transmission through three stations. 
This case also comprises transmission through two stations. Figure la 
shows block diagrams of three exchanges which participate in the switching 
during communication between two terminals (T). Each of the exchanges 
_ has a rank of subscriber selectors (SS), and a rank of incoming and out- 

going group selectors (IGS and OGS). The channels are connected with the 
exchange switchboard by means of a crossbar transition (CT). 

In Figure 1b are singled out the switching sections of a switching net- 
work through which passage of the message is performed. It can be seen 
from this figure that the transmission channel consists of six sections with 
lOSGOS 12r5 Tey seo pe 1c 

General switching losses for the entire channel with small values of 
P; to P, are determined by the expression 


P=P, + P,+ P;-} Py+ Ps + Ps, (1) 


where P,, Ps are switching losses at the SS stage; P,, Py are switching 
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losses at the OGS stage and channels between stations; P;, P; are switch- 
ing losses at IGS stages. 

Switching losses are a function of the cost of the switching equipment 
of the corresponding section. Relative over-all costs of switching equip- 
ment for the entire transmission channel as a function of losses can be 
written as follows: 


Q = Q,(P,) + Q:(P2) + Qs (P2) + Qi (Ps) - Qs (Ps) + Q5 (Po), (2) 


where Q;(P;),Q2(P2); Q3(P3), Q4(P4), Qs (Ps), Qe(Pe) are the costs of 
switching equipment of the corresponding transmission channel sections. 

In order to achieve minimum cost switching equipment with an assigned 
general operation quality P, it is ~ecessary to find the optimal values of the 
quantities Py, P,, P3, Py, Ps and P, for which expression (2) has the lowest 
value. 

The ranks of subscriber and group selectors of crossbar stations are 
constituted by individual single-type blocks characterized by specific struc- 
tural parameters. In particular, in the switching exchange under investi- 
gation, the rank of subscriber selectors consists of hundreds units where 
outgoing communication is performed over three stages with free selection, 
and incoming communication is effected over three stages with forced selec- 
tion (Figure 2). GS are set up by two-stage switching circuits (Figure 3). 
The circuits of SS and GS groups are characterized by the following structural 


Figure 2 Figure 3 
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parameters; nis number of inputs of cascade A switch; m is number of 
outputs of each cascade A switch; is number of lines between each pair 
of switches of various cascades; k is number of cascade A Switches; q is 
number of outputs from each cascade B switch in one direction; r is num- 
ber of inputs to each cascade C switch (for SS stages); t is number of out- 
puts from each cascade B switch (for GS stages); v is number of inter- 
mediate lines between each pair of switches of cascades B and C (for SS 
stages). 

Let us take as the cost-measuring unit the vertical of MCC. Then 
the relative over-all cost Q; of the switching equipment of the SS stage and 
cascade A of OGS stage can be written in the following form: 


Qe ey (3) 


where Yj is the total load on the hundreds unit of SS stage, in erlangs, z; 
is the outgoing load of the hunreds unit, b; is the mean load on the inter- 
mediate route AB, c; is the mean load on one outgoing line to OGS stage. 

With assigned values for switching losses, quantities b; and c; can- 
not be arbitrary. The link between quantities P,, B, and cy is determined 
by the probability graphs method proposed by Lee [1] in A.D. Kharkevich’s 
treatise {2]. 

The graph for the above circuit of SS groups with outgoing traffic is 
shown in Figure 4. For the investigated graph the expression of switching 
losses takes the following form [1, 2]: 


Pye (lL —(1— 6) (1 — cs) le (4) 
The mean load on one intermediate line AB can be expressed by the 


structural parameters of the SS unit and by the load on a line from a ter- 
minal in the following way: 


ar 
ome pape (5) 


where y is the mean load on one line from a terminal of the switching net- 
work, n, is the number of inputs to each cascade A switch, m, is the 
number of outputs from each cascade A switch. 

‘ The over-all load on the hundreds unit of SS stage Y; = 100 y. If we 
assume the outgoing load to be equal to the incoming one, z; =50 y. Taking 
into consideration (4) and (5), expression (3) takes the following form: 


i) 


100/m, aa 100y% (6) 


V Pytmy)! — (my)! 


where a 
8= V (/m,)! — (my)! 


The relative cost Q, of switching equipment of the second section can 
be expressed in the following way: 
Qo= 2a, 4 2 (1+ ). (7) 
a2 2 
Here, Y, is the load on one unit of the OGS stage, a, is the mean load 
on one unit input, & is the expansion ratio at OGS (the ratio of the number 


of outputs of cascade A switch to the number of inputs), 22 is the route load, 
cC, is the mean load on one line of the route, y is the cost of the channel inverticals. 
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Figure 4 Figure 5 


As in the preceding case, the quantities a, and c, cannot be arbitrary 
with an assigned value of communication losses. The graph for the OGS 
unit with q = 1 is shown in Figure 5. For this graph the expression of 
losses is as follows [{I, 2]: 

P,=[1 —(1 —6,) (1—en)]™, (8) 


where m, is the number of outlets from each cascade A switch. 
Substituting the value for cy from formula (8) into (7) and taking into 
consideration that a, = cy, we obtain 


qg 


m 
fe V Py (im)! — (my)! 
a Y 9008 2. (1 4) oy 1 (/my)' — (ny) Ana) 


s m, te * m 
V Py (tm)! — (my)! obVP,— Vo VP. Gm)! — (my)! 


The relative cost of switching equipment of the third section can be 
represented in the form 


fot oe Oi, Se (10) 
a3 c3 
where Y; is the load on the IGS unit, o3 is the expansion ratio, a3 is the 


mean load on one input, z3; is the route load, c; is the mean load on one line 
of the route. 

As in the preceding cases, the relationship between quantities a, and 
c; is determined by the probability graph method. The probability graph 
for the IGS unit is the same as that for the OGS unit; hence, the quantity of 
communication losses P; can be determined by expression (8). 


Taking into account that aj; = cy expression (10) can be transformed 
in the following way: 


q my 
om rales— V/Viicmy ct] Pi 
VP,— VY V Py (im)! — (my)! 
q 


my, my 
(1 — 93) V P; (tm)! — (my)! + 698 (ome VP, ) 
+ 23 


, (11) 
Mm, m my ms 

(nV) Vo Ve umy— cy + a (es VP;— VP) 
where m; is the number of outputs from each cascade A switch for 
IGS units. 


The relative costs of switching equipment of the fourth and fifth sec- 


tions equal, respectively, Q, = Q), Qs = Q3. For the sixth section, the 
expression for Q, takes the form 
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Y, 
Ore sia (12) 


where Y, is the incomingload on the hundreds unit of SS, ag is the mean 
load on one cascade C input, z¢ is the load on one cascade switch of the SS 
unit, o¢ is the expansion ratio in cascade C, cy is the mean load on the 
intermediate line AB of the SS unit, which equals bh. 


From Figure 1 it ensures that the IGS outputs are joined up with 
cascade C of the SS unit; hence ag = c3. 


Substituting the quantities ag and cg into formula (12), we obtain 
q 


a, mm 
ms —a) V VP, amy'— yy +03 (a — VA) 


(»VP,) V va (my! — (my)? +028 (a VPs—V Ps) 


By substituting the costs Q; to Q, expressed by the structural param- 
eters into the initial equation (2), we have 


Qe= Pug pgs (13} 


my 


al 100/m, 100y3 Yoon 
Q nm ai q m or 2 q m i 
V Pi im)! — (my)! V va (10s)! — (my)! 
q VE 
25 — P, (im)! — (my)! 
22, (1 Peo NAST ee 
z: 3 ( Z 0 mM, q my, i 

ant VP, — a P, (im)! — (myy! 

16 6) Aad bs — V_ VPidm)y!— (my)! | a 
m m, 

ob VP,— VY V Py (im)! — (my)! 
q m, ms 
ey (1 — a3) V Py (my! — (myy! + 0 to, —V P,) if 
3 i eae 


mM; “ m M, > My, _* 
(1 — 93 VP) V va, (dm)! — (my)! + 02% (< VP3— Vai) 


m my 
Y 606 | (1 — 93) V Pi my)! — (ray)! + 03 (= VPI te zelm, 


f m, q ay tuk Mm; my 
(1a VP) Va Cant nee Ves VPs) 


(14) 


We assume that switching losses at individual switching sections of 
the station equipment are identical, i.e., P, = P3; = Ps = Po. Then, ex- 
pression (1) can be written as 

P= 4P, 4. 2P». 

Hence, 

Pee 

By substituting the quantity Q, into expression (14) and by replacing 
P, with P,, after some transformations we obtain 
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res 100/m, 4 ghey “+ Ye) 


ny q in, 
V Py (my)! — (ry)! 


ey i Ree a 
He 2[z2(1 + y+ ae z= VP, (Im)! _ ish 


PisAPpe Ui mpe 
op 2s V Py (im)! — (my)! 


q 


m, my ee 
_ eatrallann VP, ty — ta 08 (59 7 es) 
er a Wg Ei eu) aa oe Vaal 


(1 —93 Va) V5, (1m)! — (my)! + 028 (. Ve a % esis) 


+ 


Z—lm, 
= a vie (15) 


Thus we obtain the expression for the cost of switching equipment of 
all the sections as a function of a single variable P;. The condition of mini- 
mal value Q(P) is 


aQ(P) __¢ 
dP, 4 


which after differentiating takes the form 
eee 2 O0y 51) ee 2 [zo (1 + x) + Y¥ 203] 


a a ee a ee, ao 
( Paes Cs ee SS q m, my 7 aa pa ie 
VveqV yt Pri q Vig ree (oa y = LY 
ae q = m——— my P—4P,\\m-1 
Pace +)+Y200](0.8 V7) | 208g V9" VPP + mV (>) 
ee me) CYS EP a, my: to ue ares 2 
—1 m,—1 P—4P, m,—1 V 25 Lia 
Vi yom ae V ( 2 ) E 2 =e 
ms = il Gre Simos 
(223 + Y ga) [« — a3) m Veer ore ai2g Vt Vf Pet 


aa SEL ee ee a ae 
q m, m: % = mn —— ae 
1] foe fe) +—-\ 4 — mee epee 
Ae i/o ir [(—as) PW 740®VA—I/ 2) 


oo 


+ 


qs ms 
_ a3(ogp—V 4) K Pike (isenen V Pr a 
my, q Lt eee ee 
m3 y Pre E? q V yw V Pr £2 
203 
= i =0, (16) 
P—4P, \m-1 
m2 ( 2 ) E2 


where 
Ms (fp my epeen eh 
z=|( —s,y P,| Ve + 495 (VP, — V/s )|. 
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Chen 8) (en 
K = (225 + Yeas) |(1 — 04) Vx + 04805 + v= ) 


£= VP, (Im)! — (ny). 
The numerical solution has been performed for the following limiting 
values comprised in Equation (16): 
Im, = 8 — 16; 0. = 1— 3; 4, = 1— 2; y=0.1 —0.5E; 
6g = 1 —2; Y, =20—30E; Y,=10— 30e; Y¥, =5 — Q5:; 
2,=5— 20E; z-= 3—10E; 2, =2—10E ana where y=10, 15, 20, 50, 100, 
The lowest limits of quantities Y., Y3, 1, Zo, 23, Z, Oo, 03, Og were 
determined proceding from the least average utilization of connecting de- 
vices, while the upper limits were 
derived from the maximum permis- Table 1 


sible losses at various connecting 
sections. The results of calculations 


are given in Table 1. i 

The table gives the values of the 
roots P, of Equation (16) for which 10| (0.050—0,066) P | (0,37 —0.40 ) P 
the initial function Q(P) takes on mini- e A lo O.tet 5 ete fo és 
mum values. The lowest limit of P, 50| (0.027—0.029) P | (0.44 --0.445) P 
corresponds to the extreme maximum 100| (0.013—0.017) P | (0.465—0.47 ) P 


values of quantities comprised in Equa- 

tion (16), while the top limit corres- 

ponds to the extreme minimum values. The bottom limit of P, corresponds 
to the extreme minimum values ofiquantities comprised in Equation (16), 
while its upper limit corresponds to the extreme maximum values. 


CONCLUSIONS 


1. Investigation of the distribution of switching losses over individual 
sections of switching networks shows that the main losses occur in the line 
‘ equipment. Thus, for example, at a relative cost of a channel of 20 ver- 
ticals, communication losses on the line must exceed the losses on the 
station section by more than a factor of 8. With increasing cost of the chan- 
nel the relationship between losses on the line and on the station section 


increases considerably. 

2. Communication losses at individual sections decrease appreciably 
with increasing parameter y, and change negligibly with increases in the 
other parameters comprised in Equation (16). 

I express my appreciation to A.D. Kharkevich for his suggestions 
which were very useful for this paper. 
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BRIEF COMMUNICATIONS 


GENERAL FORMULA FOR LOSSES FOR PARTIAL-ACCESS NETWORKS 


O.S. Shilov 


For the case where incoming loads satisfy the conditions of steady 
state and singularity! and the number of load sources is infinitely great 
(N — oo), the basic balance equation of a single-link telephone system {1] 
is derived from the theory of full-access networks: 


dt dt 
Wey pe can 


The right side of this equation represents a compound probability of 
the termination of one of the i+ 1 calls in progress during a short time 
interval dt, where Wj , 1 is the probability of i + 1 calls in progress, 


and (i+ 1) aa is the probability of one of the i +1 calls being terminated, 


The left side of the above equation is a compound probability that 
another new call may be placed during the same time dt, where Wj is the 


probability of i calls in progress and y & is the probability of another new 


call being placed under incoming load equalling y. 

In all the other cases where the number of sources is limited and 
finite (N < oo), it should be expected that the real number of simultaneous 
calls will be different from telephone load intensity since the sources are 
unable to produce calls during the period of their engagement. 

The probability of finding one of the N sources in busy condition 


equals VP) ,1-VC=P) where p are switching losses, and y (1-p) is the 


carried load. 
Hence, the load generated by a source during a portion of available 
time equals 
$e 
A= ee = Se EE = ‘ (1) 
ena ae WN VLD) 
N 


Consequently, the number of sources capable of producing calls 
decreases as new connections are made, and connections are not terminated: 


>? 


' By steadiness of a telephone load we usually understand the independ- 
ence of its probability conditions in time, while by singularity we understand 
the impossibility of occurrence of two or more events during a short time 
interval dt [2]. 
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the load arriving at the circuit can be determined by the expression 
(N—)A. 
where i is the number of sources engaged by calls. 


For the case of a random number of load sources, the balance equa- 
tion of a full-access system can be written as 


y at 
at 
= f —_— 
i+1 (é ae 1) t (2) 


Oi, after cancelling out dt/t and solving the equation for Wi+1, remem- 
bering (1), we obtain the recursion formula for full-access system 


Ww. N—-i 


i+1 Says p AW;. (3) 


In the case of unequally accessible networks, Equation (3) will obviously 
be true only when i< a, where ais the access, i.e. , the number of outputs acces- 
siblefrom each of the M outputs of partial-access network with V outputs. 

In the case where i> a, Equation (2) can be replaced by 


at 
Ki S= = 


Wi (N—i) —> ; 


poe ae) Woes 

N—y(1l— )) 
: dt 

=W,,, (+1) Fino (4) 


where Kj is the coefficient which considers the decreasing probability of a 
new engagement with i already existing ones because of the holding of one 
or several inputs of the partial-access network. The necessity of intro- 
ducing this factor is explained by the fact that with i > a calls the possibility 
of a new call in the load subgroup (i.e. , the group of load sources N/M 
assigned to one network input M) depends also on the distribution of calls 
in the partial-access network outputs, insofar as the input is blocked when 
all the accessible outputs are engaged. 

As with Equation (3), we reduce Equation (4) to the following form of 
the recursion formula: 


N—i 
Viii= aie AK,W;. . (5) 
Substituting a number of values for i from 0 to a-1 into Equation (3), 
and from a to V-1 into Equation (4), where V is the over-all number of 
outputs of partial-access network, and adding the identity Wo = Wo, we 
set up the following system of special equations: 
Wy = Wo, 


W, = NAW) =ChA Wp, 


— 


STOW er ee) 6b 6 ies ice awe 68 Oa See. LO le. 


Bo Went = CN AW, 


(6) 
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Their general expression obviously has the form 
Wi = KaK a4; «+» K;_1 CyA'Wo, (7) 


where with i< a-1 the coefficients Qj are identically equal to unity and are 
therefore omitted. 

By performing separate summation of the right and left sides of the 
equations in system (6) and taking into account that all of the possible 
system conditions are exhausted with obvious losses by changing the num- 
ber of calls i from 0 to V outputs of the system, after transformation we 
obtain 


ee ee 


a Vv 
LCyAl+ B ChKaKey: - 
i=0 


i=a+l 


Se | eee ee ae 
wee K;_,4! 


We determine the probability of producing i calls in partial-access 
networks by substituting the obtained value of Wo into Equation (7): 


Keke, peaaKeag ena! 
¥, ae « v 
SCV A+ oD CLK Ka x 
i=0 i=a+l 


a SY SE 
The load transmitted by partial-access networks is found as a mathe- 
matical expectation of the traffic transmitted by them 
Vv 
y(l—p)= 2 iW), (8) 
i=0 


whence we can obtain the equation of switching losses for any value of the 
number of load sources with partial-access connection of the network out- 
puts 
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The coefficients K in the equation depend in their general form on the 
number of sources and on the loads created by them, on the structure and 
assigned order of engagement of partial-access network outputs, 

The equation obtained is the most general expression which determines 
the probability of switching losses in single-link, full and partial-access 
networks for any number of load sources; the well-known Erlang, Engset — 
Fry, and Babitskiy’ -Lezerson Equations (!] may be obtained as Special 
solutions of it, a fact that can readily be demonstrated. 

Equation (9) deserves attention also because of the fact that it can be 
successfully employed for the calculation of the traffic-carrying capacity 
of transposed connections of the stage of subscriber’s selection of crossbar 
automatic exchanges. This is possible because, for a number of circuits 
with transposed line connections in practical use, it is possible to obtain 
simple analytical expressions for the coefficients K [3). 
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STABILITY FACTOR OF SELECTIVE AMPLIFIERS 


D.N. Shapiro 


The extensive application of transistors has stimulated new interest 
in stability problems, as is evidenced by the papers of a number of authors. 
Yet, a sufficiently simple engineering procedure for the calculation of non- 
neutralized HF and IF transistorized amplifiers with assigned stability fac- 
tors has not been published as yet. This seems to be due to the fact that the 
stability factor has been unsuccessfully defined. Hence, its connection with 
the amplifier parameters is either too specialized or too complex. 

There is a widespread opinion which regards the stability factor as 
primarily a measure of the remoteness of the amplifier from self-excited 
oscillations [1, 2]. This viewpoint, however, may be submitted to serious 
criticism. In his early works, V.I. Siforov [3] pointed out that feedback 
can substantially distort resonance characteristics long before self-oscil- 
lation sets in. N.I. Khistyakov [4] flatly states that “the amplifying stage 
can be considered steady with regard to feedback through the transfer 
capacitance only in the case when not only is oscillation absent, but varia- 
tion in the frequency-response curve is negligible”. 

We are inclined to believe that the stability factor should be regarded 
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as a measure of the distortion of the amplifier resonance characteristic and 
that such a definition is in agreement with the usual practical calculations 
and the nature of the phenomenon. 

In fact, according to practice, when designing electron-tube amplifiers 
it is assumed that Ky = 0.8 to 0.9. This ensures the absence of self-excit- 
ed oscillations even’ under the condition that the increase of the product 
R2.GmC p happens to be 4 to 9 times greater than the calculated one. How- 
ever, the calculation is based on a greater value of C,,, while Re and Gm 
cannot increase substantially. For this reason such 4 stability reserve” 
may be useful only for avoiding noticeable distortions of the amplifier 
resonance characteristic. 

As for the phenomenon itself, we can affirm that if the amplifier 
resonance characteristic is not substantially distorted on account of feed- 
back, then the amplifier is far from self-excitation. The reverse is true 
for electron-tube amplifiers operating at not too high frequencies, although 
this is not true in the general case. 

In order to prove the above position, let us investigate the input ad- 
mittance of the amplifier in Figure 1, measured between terminals 1-1, 


Yin =VYgt Yu 4Yin, (1) 
where 


A¥in = Ain +1 Abin = — (Yn n)/(¥n+%) 
Yu=gution; Yi, Yy and Ye=goti by— 


Figure 1 


are the characteristic parameters of 
the amplifier. 
It can be shown that 
IY 1Yarl 
En (1 + Ay * > ts @) 
I¥2¥ onl 
a (1 + Ay) y(y, 2)- (3) 


Agin= 
46;, = 


Here 


Aa = &/@n; Y = arg (YY); 
te 2 = (6 + 6, )/(en + e1); 
cos + tg m sind f 


stb sr 1+ tg? g : (4) 
210 Olsen eras * 


Let us assume that gq = const and §L= const. This condition is well- 
satisfied in tuned amplifiers. Let us also assume that the characteristic 
amplifier parameters in a frequency interval of the order of several pass- 
bands remain constant and 811 < 9, 822 > 0. The latter condition is not 
compulsory but simplifies our first considerations. 

With Y4; = const the input circuit tuning frequency is shifted slightly 
and its damping is not much changed. In principle, this can readily be 
corrected by introducing appropriate changes into the first circuit. But 
the frequency dependence by, by @ and x, y leads to the frequency dependence 
Agin and Abjn, which distorts the resonance characteristic, while with 
8G +811 + Ain < 0 self-oscillations can be induced, 

Figure 2 shows the curves of functions x(~) and y() for two values 
of y The case of ~= - 7/2 corresponds to electron-tube amplifiers. It is 
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obvious that in this case remoteness from self-oscillations (Agin max < 
« 8G + 811) also ensures the slight distortion of the resonance character- 
istic. Nevertheless, ) = 7 Agin< 0 with any ® . Although the absence of 
self-oscillations is thus guaranteed, the distortion of the resonance char- 
acteristic may still be quite considerable. 

It is easy to ascertain that with any %, functions X(Q) and y(@) have 
two extreme values, the difference between them amounting to 


Ax— Ay — 1. (6) 
Hence, it ensues that the total ! 


amplitude of the change of Agin and 
Abin with all the possible Jandde- % 


tuning(@) A 
IY Yo] 
Ag, = 46, = —————__.. 
de PTET By sel) lard 


If we make sure that Agy » 8G ty 
+ 2i;, we are thereby eaaured imal ae 
taneously that distortion of the reson-~2 ~®& 
ance characteristic is small and self- Figure 2 
oscillation is remote. 
Hence, it is logical to take for the stability factor of any amplifier 

the expression 

Agp 
gut+EeG 
5 Ys2¥ ol 

£1122 (1 + Ai) (1 + Az) ~ 


Ky = 1—0.5 


=1— 


(8) 


Here, A; = gG/gi;, and the coefficient 0.5 is introduced in order that 
in the particular acase of an electron tube amplifier: 
1 
re tOCrp, oi eit 0, ee ~ 0,9 8G eT = co 


we can obtain the well-known expression 


Ky = 1—0.5uCgaSR?. (9) 
Upon assigning the quantity Ky (0. 8 to 0.9) we can find 
IW42¥ ail (10) 
IEA) (As) = 0S ee 
(Ay 2) £ugn (1 — Ky) 


which makes it possible to choose the amplifier couplings for input and 
output circuits. 
If, in addition, we require that the inequalities gj, +gq>0 and 
Zoo + gy, > 0 be satisfied, then (8) and (10) retain their validity also for 
24, <0 and/or go. < 0 on condition that we take Ay = -gG/gy, and/or 
Ay = -g1/go2 and in the corresponding bracket before A we place the sign 
In multistage resonance and more complex amplifiers, gy, and gq 
change with varying frequency on account of the varying response of sub- 
sequent stages and owing to the properties of the selective devices utilized. 
This complicates substantially the derivation of the expression for Ky and 
makes it depend on the type of amplifier. From a practical point of view 
it is not expedient to complicate the problem to such an extent. 
We are of the opinion that (8) should be taken as a stability criterion 
for any selective amplifier, as is done in the case of electron-tube amplifiers. 
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Depending on the type of amplifier and the number of stages, Ky may 
slightly change if practice shows that this is necessary. 

The stability factor determined by Equation (8) conveniently appears 
in design formulas, which fact enabled us to develop a simple procedure 
for engineering designs of transistorized selective amplifiers (resonance 
amplifiers, two-stage bandpass amplifiers and concentrated selective filter 
amplifiers). 
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AUTHORS’ CERTIFICATES 


Class 21a!, 59;. No. 135509. L.Z. Dudarev and O.N. Lebedev. A 
device for signalling the transmission of data in ferromagnetic cores. 

Class 21la', 119;. No. 135102. G. Yu. Osipenko, Yu. N. Kuz’ min- 
skiy and D.K. Puliyezo. Telegraph Transmitters. 

Class 21a!, 139,, No. 135103. G.N. Basov and V.G. Bulin. Storage 
for phase split signals. 

Class 21a', 3235, No. 135511. V.A. Budnikova, Ya. A. Oksman 
and B. Ye. Smolyanskiy. Camera Tubes. 

Class 21a!, 345,, No. 135512. V.G. Nalivkin. Method for automatic 
contrasting of facsimile copies. 

Class 21a’, 3539. No. 135514. V.G. Bobrin and V. F. Razumovskiy. 
A method for automatic reduction of output pulse phases. 

Class 21a!, 36. No. 135104. V.N. Glavno. Static triggers. 

Class 1a, 36. No. 135105. A.G. Pankratov. A method for con- 
trolling binary data transmission. 

Class 21a!, 36. No. 135106. Yu. A. Kosarev. A pulse packet 
generator. 

Class 21a! , 36. No, 135913. V.P. Garmash. A modulator of dial- 
ing pulses duration. 

Class 21a’, 36. No, 136413. G.M. Vedeneyev and V.S. Moin. A 
device for generating peaked voltage pulses. 

Class dat? 36. No, 136414, V.I. Neyman. A device for the 
analysis of the frequency of pulse trains of various lengths in a random 
sequence, 

Class 21a”, 18,. No. 135107. N.V. Sukhodoyev, K.N. Yegorov 
and G.S. Chizhevskaya, Multichannel amplifiers, 

class 21a”, 1991. No. 136415. O,N. Gabudatov. A pulse amplifier. 
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Class 21a’, 18 5. No. 136416. V.V. Rakovskiy. A push-pull 
cascade amplifier. 

Class 21a’, 370;, No. 135516. A.F. Beletskiy and A.V. Khrapovit- 
skiy. A method for spectrum-bandpass speech compression (Bandpass 
vocoder). 

Class 21a°, 360). No. 136417. V.A. Godlevskiy and M. L. Voron- 
tsova. A method for limiting subscriber’s connection to automated inter- 
city telephone networks. 

Class 21a‘, 8). No. 135517. G.B. Al’tshuler, A.D. Vaytsekhovskiy 
and V.A. Prokhorov. A method for automatic electron frequency search, 

Class 21a’, 802. No. 185917. V.G. Lugvin. Synchronized automatic 
generators. 

Class 21a‘, 14. No. 135418. V.I. Turchenkov. Ring-type demodul- 
ators. 

Class 21a‘, 149;. No. 135518. M.S. Yanovskiy and Ye. M. Kuleshov. 
Mechanical waveguides for frequency conversion. 

Class 21a‘, 149;. No. 135918. Ye. B. Isserlin. A method for improv- 
ing the efficiency of pulse generators. 

Class 21a*, 21. No. 135919. B.I. Kurlin. A minature oscillation 
circuit for lighthouse tubes. 

Class 21a*, 2993. No. 135920. I.S. Yegorov. ARU system. 

Class 21a, 354,. No. 135110. B.P. Klimenko. Voltage stabilizers. 

Class 21a‘, 35,,. No. 136419. L.N. Korablev. An electron voltage 
stabilizer. 

Class 21a‘, 354.. No. 135921. P.I. Dekhtyarenko. Phase-sensitive 
detectors. 

Class 21a‘, 4693. No. 135111. S.P. Beloysov, A. Kh. Lindeberg 
and V.G. Yampol’skiy. Wideband antifading medium-wavelength antennas 
with controlled current distribution. 

Class 21a, 46,%. No. 135112. M.B. Kaplunov, G.Z. Ayzenberg 
and B.S. Nadenenko. Coaxial transmission lines. 

Class 21a, 48). No. 136420. B.V. Sestroretskiy and A.A. Rom- 
anov. Mechanical waveguide switch. 

Class 21at, 48,,. No. 135113. D.P. Legoshin, O.N. Tereshin and 
.V.K. Shilo. Decouplers for diffraction antennas. 

Class 21a4, 48,,;. No. 136421. A.M. Marshov. A method for 
eliminating parasitic signals received by radiation pattern side lobes. 

Class 21a, 71. No. 135114. V.P. Vasil’ev. Radio wave reflectors. 

Class 21a‘, 71. No. 135522. A.I. Fyurstenberg. Device for com- 
paring the frequencies of two electric oscillations. 

Class 21a!, 71. No. 135523. L.A. Khatuntsev and A. L. Irzhavskiy. 
A device for recording frequency characteristics of electromechanical 
filter junctions. 

Class 21a’, 71. No. 135524. G.V. Bogdanov. A device for meas- 
uring UHF power. 

Class 21a‘, 71. No. 135525. Ye. M. Kuleshov and D.D. Litvinov. 
A device for measuring the reflectance modulus. 

Class 21a‘, 71. No. 135922. A.I. Naroditskiy and Yu. A. Belevich. 
A method for coordinating impedances of high-frequency generators and 


complex loads. 
Class 21a4, 71. No. 136423. I. A. Barsukov and E.I, Zelichenko. 


Oscillographic method for measuring voltage amplitude fluctuations and 


its realization. 
Class 21a!, 75. No. 135116. V.A. Avramova andA.T. Prokhorov. A 


method for manufacturing diaphragms and centering washers for loudspeakers. 


ae 


Class 21c, 1093, No. 135930. Yu. I. Vishnevskiy. High-voltage 
capacitor bushings. : 

Class 21c, 1093, No. 135931, G.A. Lebedev. Capacitor bushings. 

Class 21c, 199, No. 134741. Ya. I, Marchevskiy, Kh. Z. Krendel’, , 
G.S, Furto, V.V. Chechuga, R.R. Kozlovskiy and S,S. Zagranichnyy. A 
machine for laying and removing field cables. 

Class 21c, 1997, No, 136432. G.A. Gedovius, A.A. Vaynson, Yu. Ye 
Lemeshek and E, P, Severinova. A plow-type cable trailer. 

Class 21c, 1997, No. 136433. G.A. Gedovius, A.A. Vaynson, Yu. Ye. 
Lemeshek and E. P, Severinova. A plow-type cable trailer. 

Class 21c, 46.9, No. 135941. IM. Sadovskiy and T. L. Borodavko. 
Tracking systems. 

Class 21e, 11,,, No. 134762, B.P, Fridman. Electronic switch 
for cathode oscilloscope. 

Class 2le, 2993, No. 136462. Yu. A. Brammer. A method for 
measuring capacitance of inductance coils. 

Class 2le, 29;;, No. 185536. V.I. Lavrukhin and V. I. Novikov. A 
method for detecting cable sheaf fords, 

Class 2le, 309, No. 136465. L.S. Sitnikov and R.D. Baglay. A 
method for measuring resistances. 

Class 21le, 3030, No. 134763. V.P. Perov and A.M. Bogomolov. 
Null indicators, 

Class 2le, 32, No. 134764. K.B. Karandeyev and F. B. Grinevich. 
A device for measuring impedance. 

Class 2le, 32, No. 135537. Related to author’ s certificate No. 
124540. Yu. A. Skripnik. Device for measuring the amplitude ratio of 
two alternating voltages. 

Class 2le, 3693, No. 135968. I,K. Pozdnyakov. A device for 
measuring phase shifts between two voltages. 

Class 2le, 3649, No. 135538. G.P. Mel’nikov. A multichannel 
pulse analyzer for amplitude and time spectrum measurements, 

Class 21le, 3640, No. 135970. B.L. Bardinskiy and A. V. Isayev. A 
device for determining the deviation of electric voltage from assigned 
values. 

Class 2le, 369,;, No. 135142. I,I. Rumyaitsev. A device for check- 
ing storage batteries, 

Class 21e, 3749. No. 134767. V.V. Skugarev. A method for 
obtaining square pulses for the investigation of ferromagnetic materials, 

Class 21le, 3740, No. 135144, I. A. Vevyurko, V. P, Vereshchagin, 
Vi5. Gor kov, Yu, Vv. Razumovskiy and §, A, Stoma. A device for 
determining magnetic properties of solid magnetic materials, 

Class 21le, 3749, No. 135973. G.N. Ignat’ ev and V.V. Protsenko. 

A device for measuring pulse characteristics of ferrite cores, 

Class 21g, 11, No. 135148. G.M. Strizhkov and A. M, Fedorov. 

A method for determining electric parameters of UHF thermistor semi- 
conductors. 

Class 21g, 129,, No. 135978. F.M. Yablonskiy, V.S, Perel’ muter, 
A.M. Pshenichnikov and G, M. Yankin. Utilization of glow discharge tubes 
for digital indication, 

Class 21g, 2949, No. 135547, V.G. Pol’skiy. A method of generat- 
ing electric pulses of standard nanosecond duration, 

Class 21g, 34, No. 134779. L. Ya. Misulovin and N.A. Levin. 
Differential electric filters. 


Class 21g, 34, No. 135548. V.K. Machinskiy and V, I, Shtil’ man, 
Semiconductor triode filters. 
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Class 21g, 34, No. 135549. Ye. I. Kuflevskiy. RC filters, 

Class 21g, 34, No. 135551. N.V. Talyzin and A.M. Model’. Ferrite 
resonance filters. 

Class 42g, 1091, No. 135251. M.M,. Allon. A device for magnetic 
line recording and reproduction of signals on sheets. 

Class 42g, 10o;, No. 135252. A.I. Naydenov. A method of multi- 
plying two electric signals with simultaneous recording of these signals on 
a magnetic recorder. 

Class 42g, 139, No. 135662. Foreigners Otto Time, Walter Herold 
and Herbert Trepte (German Democratic Republic). Magnetic recorder 
for mounting magnetic phonograms. 

Class 42m, 14, No. 134487. L.M. Gorenshteyn and L.A. Golubev. 
Binary reversible electronic pickup. 

Class 42m, 14, No. 134488. G.G. Mel’nikov. A counter-decoder. 

Class 42m, 14, No. 134489. Ye. S. Oreshkin and L.A. Zhuk. A 
voltage-code converter. 

Class 42m, 14, No. 134490. V.A. Gorokhov. A photodiode connec- 
tion circuit. 

Class 42m, 14, No. 134912. A.P. Kokovashin, A. P. Molchanov 
and I. K. Igolkin. A band frequency divider. 

Class 42m, 14. No. 134913. S,P. Kuznetsov. A code converter. 

Class 42m, 14, No. 134914. Ye. R. Ladyzhenskiy. A method for 
converting direct voltage into a cipher code. 

Class 42m, 14, No. 14915. N.P. Zubov, V A. Zaytsev and F.I. 
Pashkovsliy. A method of broaching storage device matrices with torus- 
shaped elements. 

Class 42m, 14, No. 134916. L.P. Afinogenov, V.G. Kolosov and 
V.D. Yefremov. A reversible decade counter. 

Class 42m, 14, No. 135282. L. Ye. Yashuk. A diode discriminator. 

Class 42m, 14, No. 135285. L.I. Gutenmakher. A nonvolatile 
inductance storage device. 

Class 42m, 14. No. 135287. B.D. Klebznov. A voltage-code con- 
verter. 

Class 42m, 14. No. 135699. B.L. Yermilov. Digital pulse device 
for computing the product of two variables. 


FOREIGN PATENTS 


GERMAN PATENT (FGR), Class 21d, 30/10, No. 1064164, 11.02.60. 
Kunz, Heuduk. Measuring device for the determination of the location of 
inaccessible multiconductor cables with asymmetrical alternating current 
feeding. 

Kunz, Heuduk. Messanordnung zum Bestimmen der Lage von unmit- 
telbar nicht Zuganglichen unsymmetrish mit Wechselstrom beschickten 
Mehrfachleitern. 

A device is proposed for the determination of the depth at which 
multiconductor cables are buried. 

GERMAN PATENT (FGR), Class 21a’, 20/12, (HO4m), No. 
1056187, 08.10.59. Karstedt (Siemens and Halske). Device for the 
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application of conductive solid lubricants on contact points of selectors, 

Karstedt (Siemens and Halske), Vorrichtung zum Aufbringen 
elektrisch leitfanhiger fester Schmiermittel auf Kontaktstellen von 
Wahlern. 

The proposed lubricant, in the form of graphite pellets or rollers 
is applied on the contact blades of automatic exchange selectors. Part of 
the lubricant is transferred to the blade where it smoothes scratches on 
the contact surface. 

GERMAN PATENT (FGR), Class 21a?, 27/06, (HO4m), No. 
1060913, 17.12.59. Franzen, Hofman (Siemens and Halske). Tag strip 
with interrupting or switching contacts with overvoltage protection. 

Franzen, Hofman (Siemens and Halske). Lotosen Streifen mit 
auftrenubaren oder umschaltbare Kontaktstellen mit Uberspannungsschutz. 

The patent proposes several designs of tag strips for telephone 
exchange distribution frames. Overvoltage protection is provided in the 
form of carbon protectors or gas-discharge arresters. 

GERMAN PATENT (FGR), Class 21a,, 34/04 (HO4m), No. 1051332, 
20.08.59. Siemens (Siemens and Halske). Overvoltage protection for 
subscribers’ sets on heavy-voltage, overhead communication lines. 

Simon (Siemens and Halske). Uberspannungs-Schutzeinrichtung fir 
teilnehmergerate an starkstrombleeinflussen Fernmeldefreileitungen. 

In the proposed device, an inductance is connected in parallel with 
the telephone set. The central point of this inductance is grounded by a 
relay. In the case of overvoltages the relay is operated and its contacts 
ground the communication line. 

ENGLISH PATENT, Class 40(4), No. 837137, 09.06.60. Leney, 
Prosser (Automatic Telephone and Electric Co. Ltd.). Improvements in 
or relating to dial switches for use in telephone systems. 

SWEDISH PATENT, Class 21a3, 67/50, No. 169854, 22.12.59. 
Broberg (N.T. Noren). Device for replacing dials on telephone sets. 

Broberg (N.T. Noren). Anording for mottagning identifiering och 
markering av signaler, sam astadkomman genom inkopping av motstand. 

A keyboard is proposed which replaces the dial on telephone sets. 

FRENCH PATENT, Class HO4m, No. 1213030, 28.03.60. Alexandre. 
Apparatus for remote communication. 

Alexandre. Appareil pour communications a distance. 

A telephone set is proposed which enables a person during a telephone 
call to be at a certain distance from ‘the telephone and hear the subscriber’ s 
voice. The microtelephone receiver contains a semiconductor triode am- 
plifier and a loudspeaker, The microphone and loudspeaker are thoroughly 
insulated in order to prevent accoustic interaction, 

SWISS PATENT, Class 21a3, 57/40, No. 347231, 15.08.60. (Auto- 
phone A.G.), A telephone set with transistorized microphone amplifier. 

Autophon A.G, Telephonteilnehmerstation mit einem Transistoren 
enthaltendem Mikrophonverstarker, 

A telephone set with a transistorized amplifier connected with the 
microphone is proposed. The amplifier is used for amplifying speaking 
and rainging currents, as well as an audio oscillator when selecting num- 
bers ona keyboard. The amplifier is fed from the exchange battery over 
the subscriber’s line. 

CZECHOSLOVAKIAN PATENT, Class 21a3, 75/01, No. 92181, 
15.10.59, Bla%ek. Device applied to the subscriber’ s telephone set 
for registering calls. 


BlaZek. Zafizeni ucastnicke telefonni stanice pro poéitdni hororovych 
jednotek béhem hovoru. 
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DANISH PATENT, Class 21a*, 37/10, No. 87897, 21.12.59. 
Standard Electric Aktieselskab. Rural automatic exchange. 

In the automatic telephone exchange proposed, multiplex crossbar 
MKS 10 by 10 connecting devices and relays are used. The exchange can 
handle up to 1000 numbers. The block diagram of the exchange and the 
circuit diagram of individual units are shown. 

GERMAN PATENT (FGR), Class 21a’, 54/01, (HO4m), No. 1065016, 
10.03.60. Seidel (Deutsche Telephonwerke und Kabelindustrie A. G. Now 
Circuits for private branch exchanges with a call station switched as a 
main station (night exchange). 

Seidel (Deutsche Telephonwerke und Kabelindustrie A.G.). Schal- 
tungsanordnung fir Fernsprechnebenstellenanlagen mit einer als Hauptstel- 
le (Nachtstelle) geschalteten Sprechstelle. 

The proposed circuit makes it possible to switch incoming trunks 
from the switchboard to the subscribers’ telephone set at night. If the set 
in question does not answer after a long time, the call is automatically 
switched to a reserve set of the subscriber. 

GERMAN PATENT (FGR), Class 21a3, 76/01, (HO4m), No. 1051913, 
07.04.60. Fischer, Polensky (Siemens and Halske) Circuits for private 
branch exchanges with automatic call registration and subscriber identi- 
fication. 

Fischer, Polensky (Siemens and Halske). Schaltungsanordnung fiir 
Fernsprechnebenstelleanlagen mit selbstatiger Gebihrenerfassung und 
Teilnehmeridentifizierung. 

USA PATENT, Chass 179-1, No. 2912502, 10.11.59. Talcott 
(General Telphone Labs. Inc.). Way station employing transistor 
amplifier. 

It is proposed to add to a controlled telephone set a one-triode semi- 
conductor amplifier fed from the telephone set battery. The amplification 
yielded amounts to about 12 db. 

GERMAN PATENT (FGR), Class 21a’, 37/10 (HO4m), No. 1028623, 
09.04.59. Kneisel (Siemens and Halske). Electronic selector circuits for 
telephone stations. 

Kneisel (Siemens and Halske). Schaltungsanordnung flr einen elek- 
tronischen Wahler z. B. fir Umsteuervorgange in Fernmelde insbesondere 
Fernsprechanlagen. 

The proposed electronic selector is a two-stage semiconductor triode 
amplifier. The free state of trunks is marked by the ground potential con- 
nected to the output triode emitters along marker conductors by relay con- 
tacts or additional triodes. The proposed circuit is designed for local, 
regional and long-distance automatic telephone exchanges. 

ENGLISH PATENT, Class 40(4), No. 836557, 01.06.60. Baker 
(British Telecommunications Research Ltd.). Improvements in or relating 
to automatic telephone systems. 

In order to set up a call, the proposed automatic telephone exchange 
utilizes magnetic drums. Each subscriber’s line corresponds to elemen- 
tary cells for the recording of the dialed number (by binary code, engaged 
signal, ringing, etc.). 

SWEDISH PATENT, Class 21a, 30/10, No. 171069, 12.04.60. 
Modée. Office Telecommunication equipment. 

Modée. Stationsanordning for telekommunikations ledningar. 

The proposed electron telephone exchange subscriber equipment 
consist of a ferrite toroidal core with three coils and resistors. Identifica- 
tion of the number of the called subscriber is effected by an electronic ring 
circuit designed for switching to one hundred subscribers. 
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BRITISH PATENT, Class 40(1), 40(9), No. 829812, 09.03.60. 
Freedman (Erickson Telephones Ltd.). Improvements in and relating to 
decoders. 

The patent proposes a circuit for converting one code into another, 
using toroidal ferrite cores with square hysteresis loop. The circuit con- 
sists of an input, a counter and a matrix circuit. 

GERMAN PATENT (FGR), Class 21a°, 75/01, (HO4m), No. 1067879, 
14.04.60. Sporrer (Siemens and Halske) Circuit for the transmission of 
counting pulses over one line in different directions. 

Sporrer (Siemens and Halske). Schaltungsanordnung fiir Fernmelde, 
insbesondere Fernsprechanlagen in denen Impulse insbesondere Zahlim- 
pulse unterschiedlicher Richtung aber eine Ader gegeben werden. 

It is proposed to transmit pulses of different polarity over a signal 
line with a battery available only at the transmitting station. At the receiv- 
ing station, coils of two relays with grounded ends of secondary coils are 
connected to the signal line through opposing diodes. 

ENGLISH PATENT, Class 40(4), 40(8), No. 823833, 18.11.59. 
Prior, Wall, Brading (Standard Telephones and Cables Ltd.). Improve- 
ments in or relating to channel-combining arrangements for multichannel 
carrier systems. 

A circuit for multiplexing equipment with frequency division of 
channels for multichannel carrier systems is proposed. The circuit is 
distinguished by negligible interference from neighboring channels and 
light requirements placed on channel filters. 

GERMAN PATENT (GDR) Class 21a? , 18/01, No. 18740, 04.05.60. 
Pali¢ka (Tesla narodni podnik). Circuits for automatic, even distribution 
of loads on amplifiers connected in parallel. 

Palitka (Tesla narodni podnik). Schaltungsanordnung zur selbstiti- 
gen gleichmassigen Verteilung der Belastung auf alle Verstarker einer 
im Parallelgang arbeitenden Verstarkergruppe. 

A circuit is proposed which contains differential transformers or 
resistance bridges. When signal level changes at the output of one of the 
amplifiers, with regard to standard, there arises an antiphase voltage with 
regard to the changes in the controlled quantity fed to the input of this 
amplifier. This ensures even distribution of loads. 


Photocopies of patents (description in the original language, drawing) 
may be obtained by applying in person or by sending a money order to the 
All-Union Patent-Technical Library of the Committee for Inventions and 
Discoveries, Council of Ministers of the USSR, Moscow-Center, 4 Serov 
Lane, Entrance 7a. For information call B 8-64-52 or B 3-09-67 (labor- 
atory). 
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